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sill t i c  i e n t l y  i n ~ v r e s t i n ~  and ~ l r c l r n i s i ~ l ~  Lu he  i n c l u d e d  i l l  ~ l l i s  
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i i i s ~ l ~ ~ ~ l r r s ~ ~ ~ n c l i n ) : s  a n J  as l i  L11c a l t thor -s  f o r  L t ~ ~ i r  orL)i .aranc.c.  At 3 1aLel- d a ~ e  
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\., i,,, . I I - L ,  nl , l i l~ ly  ~ . o u ~ . c ~ r ~ ~ e ~ l  1,rith c11c.l-gv pl .e~l) lems,  t h e  . s t ; l ~ i d a r d  silnnlilry we have, u s e d  
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1 I I ~ ,  rk>s \ l  I 1  .i ~ ~ I ~ L : I ~ I I ~ ~ L I  ~ I ~ L ,  I!IOI-L,  i n ~ ~ ~ t > l - ~ a ~ i t  L I ~ I , I  L ! I V  nc,LI~c~cls 11y w l ~ i ! , l ~  t l ~ i s  i s  du11c. 
l ' l ~ i s  i s  ~ ,~I I> , ,  L I ' ~ ,  Ic,rm ' ' Ixs>L!c,I  ' ' i ~ I L , ~ : I < ! L , S ,  C,:.::IIII~ l c . ,  ;I  SLIICI) ,  l > ' l ~ i i . ! ~  i.i111sti L I I L V S  oi11y 
I L I S I  f L l l e ,  i I ~ ! ) I I L - ~ ) ~ I L ~ ~ ! I L  r;!l I-i :.: L t l : l L  c ' s l  ~ T ! ~ . I L L ~ S  ( l i e .  ; I I ~ I L ) ~ I I I L  c,IIC3ri:y 
I I I 1 1  I S  I I I I ~ I I ~ !  I I ~  s t  1 i ~ t e r ~ c l r i ,  ' S  . I \  . 111 o r d e r  
L $ >  .I.\ ~ 1 i J  \ , I ~ L I C  . ~ L I ~ I : ~ C , I J ~ . S  t 1 1 ~ 1  t r n i , . l ~ t  !>L. h i . l s t , ~ I  c,r : l r ~ ,  11oL f ~ 1 1  l y  s :~] )pc j~-Let l  by i t ~ c t s ,  
I,,<, I ~ . I \ ~ L ~  I I L I I  oqecl ;I crl ~ 1 5 s i  i i ~ . % ~ t  iLlli ~ T ~ I S ~ L !  ,111 1). , : ; I  t l i ~ ,  m t ~ ~ l ~ c ~ c l o l o g i c ~ ~ ~ l  ;lspec. t  o f  a  model .  
The nlodels d e s c r i b e d  i n  t h i s  r e v i e w  a r e  c l a s s i f i e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  6 
c a t e g o r i e s  : 
C l a s s i f i c a t i o n  of Models 
I Areas  of  Apul i c a t i o n  I N a t i o n a l  I I I n  t e r n a t  i o n a l  
C 
Energy  Sys t em c 
( e n e r g y  i s  -- 
I 
)ne  kiild 
)f f u e l  
t lic 111a i n  
SC'VC>I 11 r o b  1  eni) I<inds of  1 I 
Tli is  c l d s s i t i c a t i o ~ l  i s  based  on  o u r  i m p r e s s i o n s  of  t h e  model u s e r s '  most: i n ~ p o r t a n t  
requ  i r e ~ ~ ~ e o t s .  
L inkage  be tween e n e r g y  
and general ecoliolny 
Wc, l i ~ v c .  atLc111pted t o  c o v e r  vc l r ious  c o u n t r i e s ,  and i n  s o  d o i n g  have  b e n e f i t e d  f rom 
pe l - sdna l  c o n t a c t s  wit11 a s u b s t a n t i a l  number o f  s l ~ e c i n l i s t s  i n  v a r i o u s  f i e l d s .  
'I'liese c o n t a c t s  have  been  established p a r t l y  t h r o u g h  IlASA; we a r e  p a r t i c u l a r l y  
i1iclebtc.d t o  t h e  U . N .  Economic C o ~ ~ i m i s s i o n  f o r  Europe  (Geneva) f o r  g i v i n g  u s  t h e  
o p p o r t u ~ ~ i t y  of making o t h e r  v a l u a b l e  c o n t a c t s .  
Li c o n ~ p l e t e  l i s t  of trhe i n s t i t u t i o n s  and i n d i v i d u a l s  we have  c o n t a c t e d  i s  a t t a c h e d  
t o  t h i s  r e p o r t  (Annex L I ) ,  and we would g r e a t l y  a p p r e c i a t e  any  a d d i t i o n a l  c o n t a c t s  
f o r  ou r  n~u t u a l  b e n e f i t .  
E 
Let u s  11ow looI< a t  t l i ~  ~ ~ ; ~ ~ i c l ; l r c l  CCII-111 WC, 1ii1vo dcvel t~ l )c~cl  f o r  t h e  l~ iodc l  suumiaries .  
I t  LII; IY 3pi)ear  a r b i l ~ r a ~ y ;  liowevcr, i n  t h c  s c a r c l ~  f o r  c r i t e r i a  f o r  t h e  e v a l u a t i o n  
o f  a model ,  t h i s  breakdown 11i;ly 1)ec:olne c l e a r e r .  
F 
What i s  a  "good" model ( n o t i n g  t h a t  t h i s  i s  a  s u b j e c t i v e  n o t i o n ) ?  
1 )  ii 111ode1 t h a t  p e r m i t s  u s  t o  r e a c h  c e r t a i n  f i x e d  g o a l s  
o r  o b j e c t i v e s ;  
2) ii nloclel t h a t ,  i n  t e r l r ~ s  of  e f f i c i e n c y ,  i s  b e t t e r  s u i t e d  
Lor t h e  g o a l s  t l u n  any  o t l i c r  model a v a i l a b l e .  
i i i  o u i  s t a n d a r d  f o r n ~ ,  we t h e r e f o r e  d e s c r i b e  t l ie  Sub. ject  and Goal  of t h e  n ~ o d e l s  
inllned i a t e l y  a f t e r  t h e  au t t ~ o r s  ' names, t l l e i r  a f f i l i a t i o n s ,  and t h e  ( somet imes  
s i l o ~ ~ e n e d )  model t i t l e s .  ( B i b l i o g r a p h i c a l  d e t a i l s  a r e  g i v e n  i n  Al~nex I.  Where 
t l iey a r e  i ~ l c o i r ~ p l ~ t e ,  w  s h a l l  t r y  t o  r e c t i f y  t h i s  i n  f u t u r e  e d i t i o n s . )  T h i s  i s  
f o l l o w e d  by S y s t e ~ ~ l s  Ue::cribed, i n  ~ \ r h i c h  we g i v e  n g e n e r a l  i d e a  of t h e  a p p r o a c h e s  
--
u s e d  alld t l ~ e  c o l ~ ~ p l e x  i n t e r a c t i o n s  w i t h i n  t l ~ e  sys t em.  
A f t e r  t h i s  g e n e r a l  o u t l i l l e  o f  t h e  a u t h o r s '  g o a l s  and t h e  s y s t e m  s t u d i e d ,  we t r y ,  
i n  t h e  s e c t i o ~ l s  M o d e l l i n g  T e c h n i q u e s  and I n p u t  Da ta ,  t o  make a  c l e a r  d i s t i n c t i o ~ ~  
b e t w ~ e n  what i s  endogenous  and what  i s  exogc!nous . M o d e l l i n g  T e c h n i q u e s  desc r ibe : ;  
2 1 1  l o g i c a l  a s p e c t s  o f  t l ie  model--i  . e .  t h e  ~ n a i n  c o ~ l c c p t s  which e x p l a i n  t h e  i n t e r ~ i a l  
s t r u c t u r e  of t h e  ma then ia t i ca l  r e p r e s e n t a t i o n - - w i t l i o u t  t r e a t i n g  t h e  m a t h e m a t i c s  
i t s e l f .  
1:o~- eacl l  111odel s e l e c t e d  we have  t r i e d  t o  g i v e  all i d e a  of  t h e  volume o f  t l lc  i l l pu t  
i l , ~ t a  a~i i l  t o  d i  s l r i ~ ~ g u i  sll what  i  s exogenous ,  a l t l lougl i  tllis i ~ o t i o l ~  i s  l lot  a 1 1 ~ a y s  c l e a r  
in t l ie o r i : ; i na l  p a p e r s .  ]:or reasor l s  o f  spacle we havc. l lot  s p e c i f i e d  q u l n l t i t a t i v e l ~  
t!le v a l u e  of d a t a ;  l iowever, w e  a r e  aware  t h a t  t l ~ i s  i ~ s  o f t e n  a s  i rnpo l - t a~ l t  a s  t h e  
n~i>clel i t s e L L .  I b e l i e v e  t h a t  i t  would be v e r y  u s e f u l  i f  i r l  e a c h  c o u l i t r y  n ~ o d e l  
I ) u i l d c r s  2nd e n e r g y  e:;perts came t o  sonic agreemcll t  on c e r t a i n  d a t a  b a s e s ,  I t  
i ~ o ~ ~ l d  liot bi' d i f f i c , u l t  t o  i c l e n t i f y  t h e  u s e f u l  a v a i l a b l e  d a t a ;  f o r  exalnple,  i n  
I I I ; ~ I ~ \ :  C. S .  i i ~ o d e l s  s e v e r a l  a u t  t lors nlalce u s e  o f  t h e  same d a t a  b a s e s .  
I n  c ) r ~ t l ) ~ ~ i  1)clta i ~ c !  ~ n e r e l ~ y  i n d i c a t e  t h e  k ind  of  r e s u l t s  g i v e n  by t h e  ulodel ,  l ' l ~ e  
. - - - . - - - -- - 
c i u ; l ~ ~ r i  r : l ~  ivc. v a l u e s  s u l ~ p l i c d  by eacl l  lnociel a r e  of  te l l  t o o  l a r g e  t-o b e  i n c o r p o r a t e d  
i n  sucll ;I sullnnnry, l? i11~11ly,  011scrv;lti011 i s  d e v o t e d  rnaillly t o  p o s s i b l e  f u t u r e  
clc,vi. Lc>l)111i2"1: o i t llc. ~ l l nc l~  1 s . 
i),>sl) i ii' i  r s  ~ I I ~ . ~ I I I ~ I  li' C L > ~ ~ C S ~ ,  t l l i s  rc?view i ~ i d  itraclc's rile d i f f c r e l l c e s  Letweell ~ l ~ e  
11,lcive c o u n l - r i c s  ~ 1 1 c 1  i u t e 1 l e i : t u a l  o i - i g i l l s  of t l le  rliodels. i d a r u i a l  Ly, t - l~e f i r s t  
c.ounlriies t o  b u i l d  11lode1s t l l a t  e : : p l i c i ~ l y  i l l c l u d e  t h e  cileigqi syccelll a r e  t-llusc 
~ i . ~ i i  i1l~>l-c? o i  Less I > l a l i ~ l e d  e ~ o ~ l o l l l i e s ,  W I I ~ L - e  t l lc  c ~ u e s t i o ~ l  o f e l le rgy  i s  co~lcerl t -rat-cd 
wicliii l  a  s111al 1  1l~1111ber L>L l l l i l l i s ~ r i e s .  Coun t r  i e s  i ~ i t h  f r e c  u l a r l t e ~  ecol lo l l~ ies  wilicli, 
;I.; cl  grou i> ,  i n i t i a l l y  l agged  behincl i n  e n e r g y    nod el ling have  lllade up  f o r  i t  i l l  
I-~,<-i) l i r  y ~ > a r s .  111 t l le  Uni tccl S t a t e s  i n  p a r t  i c u l a r  , all il11portai111 developllieiit  of 
cl i i f e r e l l t  k i ~ ~ c l s  o f ~ ~ l c ~ c l e l s  lias tcllten p l a c e .  'I'll? a c c e l e r a t i o l l  o f  t h i s  developl l lent  
1 ) ~ -  c.xl)laineil  by t l l c  Alnerican sys tc ln ,  i l l  wllicil s t u d i e s  of  c r u c i a l  p r o b l e l l ~ s  
;Ire o i t c n  dclc;:alrc!cl 'io u r l i v e r s i t i e s  o r  o t h c r  g r o u p s .  ' l ' h e r e fo re ,  i t  a p p e a r s  t l i a t  
rile cver-- inc.rc>, l : ; i l~~;  llulnbcl- of 111oilc.ls i s ,  i n  p a r t ,  a  r e s u l t  o f  t h e  c o l n p e t i t i o l l  
f , ) ~ -  ii11;lllc i; i l  S L I [ > ~ O  L-t rr0111 gove r11111e~lt a 1  a g e ~ ~ c i  cs ;111d fou l lda t  i o n s  . I'fore p r e c i s e l y  , 
t - 1 1 ~  ~u[~elcLs p a b l i s l ~ e c l  a r c  a p p r o x i i ~ ~ ; i t e l y  e q u a l  i n  ~ ~ r o p o ~ - t i o u  t  t i le  e l i t e r p r i s e s  
i l i ~ l i l ~ ~ d i a i i ~ l y  concerneel , o r  goverllrllc.nta1 i n s  t i t u t i o l ~ s ,  u ~ l i v e r s i t i e s ,  and ir ldeperldeut  
t11 i ~ l k  talll<s 
I ~ L I L ~ !  11oi~ Iv'escern Lunol>cnn u l l i v e r s i t i e s  have  ~ l a y e d  a  l e s s  dol l i i l~ant  r o l e ,  a s  l i r ~ l c s  
i ) L ~ ~ w e c ~ ~ l  u ~ ~ i v i . ~ . s i r i e s  a ~ l d  c l ec i s ion - l~ l ak t .~ - s  a r c  weake r  i n  Wes te rn  E u r o p e .  'She l a c k  of 
;<~<>c l  d 3 r 3  b;i~iks i s  a l lo i l lc r  r e a s u n  f o r  t l l i s  d i f i e r e ~ ~ c e .  PIOSII of t h e s e  lliodels h a v e  
bL.en sul>l)l i c d  by governluenta 1 ;igcJrlc i e s  o r  t l ie  c o ~ n p a n i e s  c o n c e r n e d .  
' l 'hese o b s e r v c l t i o ~ l s  i n  part-  e x l ~ l a i n  two f a c t s :  
2) Piost o f  ~ h c  luodels  fro111 Western  Eu~-ol )e  a r e  iil t i le  ~ l a t u r e  
o f  ~l lnl lage~neut  niod*ls f o r  p u b l i c  uc i l  i t i e s ,  a11d a r e  , lot  
d i r e c t l y  conce rned  i ~ i  t t i  t h e  e n e r g y  systelii  a s  a  whole .  
. ( ; .vet-~i l?lc .ss  we <:a11 o b s e r v e  a v e r y  i ~ l t e r e s t i i i g  trellt l  toward  a  new k i n d  o f  n ~ o d e l ,  
L ! ~ l c i l  r cce l l i  Ly 11lcl1ly ~ ~ ~ o c l i ? l s  c o l l s i d e r e d  i ~ l v e s  t111e1it l ~ r o b l e l n s  l inlced t-o olle fornl of 
i:ilei.gy (1~1;lillly c . l e c r ~ - i c i ~ y ) ,  SLICII  1 1 1 o d ~ l s  S C J C ~ I ~ ~  t o  he w e l l  lalo1~11 lrile U.S,II, ~s 
 ell (1s i l l  t i le  lJ . : ; ,S, l i , ;  lilost 01: ~ l l c ' m  LJSe cl v e r y  c f f i c i e n c  d e v e l ~ l ~ l ~ l e n l r  of  l i l ~ e s r  
~ ~ r u g ~ - ~ i ~ ~ n n i ~ ~ g .  111 ncld i r io l l ,  no r i cc .  shoulcl be talccn of c e r ~ a i ~ i  llew n ~ o d e l s  t l l a t  
i n c l u d e  op~i11: ' l l  c :o l i t ro l  t h e o r y ,  f o r  example ,  t h o s e  d e v e l o p e d  by t h e  E l e c t r i c i t 6  
clc. 1:i-ance o r  i l l  t h e  U.S.S.K. 
111 Lllc p r e s c ~ l t  t ime ; I L I ~ ~ U L - S  see111 tci be  i u l - e r e s t c d  i n  w i d e r  a r e a s  alld lllore c:ctellsi.ve 
:;?isrein:;, 'Tl~cy eit11c.i- s t u d y  a l l  t h e  e n e r g y  l ~ r o b l e u l s  of one  c o u u i r y ,  o r  t h e y  
i11ves t ig ; l t e  t h e  traclc 1)robLem o f  one  k ind  of f u e l  on a n  i n t e r n a t i o n a l  s c a l e .  111 
the. f i r s t  c a t e g o r y  ~ w o  l t i nds  o f  n p l ~ r o a c h  a r e  p u r s u e d :  
i )  A l l  l i i ~ l d s  of  i u e l  a r c  s t u d i e d  i l l  c \nergy-scc to i -wide  lilodels,  
incluclill i ;  t l ie  s111)pl y  and deni;llld l e v e l s  e . g .  Dr. llof friiallF s 
~noclel ,  i n  wllic .11 Ilc s t ~ ~ c l i c s  t l l c ~  o p t i ~ ~ l j z ; j l  ic~rl oL t l le  U,S.A. 
c . ~ ~ c ~ - g y  ~ictwol- l i  a t  t l  i l ' rei-elit  tinlcJs, i11<:1 ~ ~ c l  i l l ) ;  t l ~ e  l ~ r o b l c ~ n  
of  new t e c h n o l o g i e s ;  and t h e  l a r g e - s c a l e  s y s t e m s  
b e i n g  deve loped  i n  t h e  L1.S.S.R.). 
i i )  The o t h e r  i p p r o a c h  c o n s i s t s  o f  a  l i n k a g e  be tween d i f f e r e n t  
submodels ,  e a c h  of  which i s  conce rned  w i t h  one  t y p e  of  f u e l  
( c o n s i d e r ,  f o r  example ,  t h e  approach  by D r .  H u t b e r ,  U . K . ) .  
In t h e  second c a t e g o r y ,  new models  on wor ld  t r a d e ,  t h e  s t u d y  o f  t h e  wor ld  p e t r o l e u m  
mnrkt>t is a  main c o n c e r n .  I n  t h i s  a r e a  two models  a p p e a r  v e r y  p r o m i s i n g :  namely ,  
Lhose d e v e l o p e d  by P r o f .  Deam, U . K . ,  and P r o f .  Houthakker ,  U.S.A., e a c h  
i n v e s t i g a t i n g  t h e  consequences  of d i f f e r e n t  e n e r g y  p o l i c i e s .  
I.et u s  n o t e  t h a t  t h e  s t u d y  of  new tc lc t lnologies  i n  i t s e l f  h a s  become t h e  s u b j e c t  o f  
models .  I c i t e  t h e  work pu r sued  a t  IIASA by P r o f s .  ~ ' a f e l e  and Manne on t h e  
p o s s i b i l i t i e s  of  t h e  i n t e r a c t i o n s  o f  f a s t  b r e e d e r  r e a c t o r s ,  and of an  economy 
based o n l y  on n u c l e a r  f u e l .  Wi th in  t h i s  c a t e g o r y  t h e  model by P r o f .  J u s t ,  U.S.A., 
i s  a l s o  i n t e r e s t i n g  i n  i t s  a p p r o a c h  t o  t h e  f i n a n c i a l  impac t  o f  f o r t h c o m i n g  
~ e c - h n i q u e s  of g a s i f i c a t i o n  and l i q u e f a c t i o n  of  c o a l .  
We have  obse rved  t h a t  a  weakness  seems t o  e x i s t  i n  t h e  l i n k  be tween economic 
c o n c e p t s  and t h e  e n e r g y  s y s t e m ,  which becomes p a r t i c u l a r l y  a p p a r e n t  i n  t h e  
t r e a t m e n t  o f  demand, p o l l u t i o n ,  o r  more g e n e r a l  e n v i r o n m e n t a l  p rob lems ,  and t h e  
impac t  o f  R&D. 
Yost  demand s t u d i e s  a r e  based  upon f a r e c a s t i n g  t e c h n i q u e s  s u c h  a s  t r e n d  e x t r a -  
p o l a t i o n  o r  r e g r e s s i o n  a n a l y s i s ,  c o r r e l a t i n g  demand w i t h  v a r i a b l e s  s u c h  n s  G . N . P .  
pc3r c a p i t a .  I n  v iew oL t h e  v a l u e  o f  c e r t a i n  p a r a m e t e r s ,  s u c h  a s  e l a s t i c i t y  w i t h  
r e s p e c t  t o  income o r  p r i c e ,  n o t  b e i n g  g e n e r a l l y  a c c e p t e d ,  some a u t h o r s  seem t o  be  
r e l u c t a n t  t o  i n c o r p o r a t e  t h i s  c o n c e p t  i n t o  t h e i r  models .  More emphas i s  on t h i s  
s u b j e c t  would b e  w o r t h w h i l e .  
The problem o f  p o l l u t i o n  i s  p r a c t i c a l l y  a lways  d e a l t  w i t h  i n  somewhat s u p e r f i c i a l  
t e rms .  From a p h y s i c a l  p o i n t  of v iew t h e s e  e f f e c t s  a r e  u s u a l l y  t r e a t e d  i n  t h e  form 
of  a simp1 c mu1 t i p l i c a t i o n  o f  t h e  amount of  e n e r g y  produced by s p e c i f i c  p o l l u t i o n  
f a c t o r s .  'L'llc. r c s u l t  01 '  Lhis  ol,c,r;~Lion givc3s L-llc. ng}:rc,gntc, vol\~mct o r  e m i s s i o n s  
w i 1 I I ~ I I L  c-onsitlcbr- i n g  1 1 1 0  10(. ;11 inll);~c.l o f   pol l r l ~  i o n  on L l ~ c l  wcl r i ~  ro or man. '1'11 i s  
~ ~ r c ~ c . c ~ c l ~ t r c ~  I c;tcls Lo ;I  s Lr~tly 0 1 -  0 1 1  l y  Ll lc '  c)c-onon~ic. ;~sl)c,c: Ls of- pol l r ~ t  i on ;  v e r y  r;ircaly 
tloc~s i L  c\xLctld t o  e . g .  1Keocll1:ic.k I - r c ~ m  n c g a t i v e  e f  f e c t s  of pol l u t i o n  on human 
wc.1 f a r e .  
With r e s p e c t  t o  a t t e m p t s  t o m o d e l  t h e  e f f e c t  o f  t h e  R&D e f f o r t  on t h e  s o l u t i o n  of 
ene rgy  p rob lems ,  t o  d a t e  t h e r e  a r e  n o t  enough t o o l s  a v a i l a b l e .  Some models  t a k e  
new t e c h n o l o g i e s  i n t o  a c c o u n t ,  b u t  t h e y  u s u a l l y  i n c o r p o r a t e  a  random d a t e  of 
a v a i l a b i l i t y  a f t e r  h a v i n g  made some a s s e s s m e n t s  of t h e  p o t e n t i a l  of t h e s e  new 
~ e c h n o l o g i e s .  No model among t h o s e  c o n s i d e r e d  r e a l l y  i n v e s t i g a t e s  t h e  impac t  o f  
R&D on s o c i e t y ,  o r  what  need t h e r e  i s  t o  c o n t i n u e  t o  spend money i n  o r d e r  t o  
o b t a i n  3 b e t t e r  knowledge o f ,  f o r  example ,  f i s s i o n ,  s o l a r ,  g e o t h e r m a l ,  and f u s i o n  
c3nc.rgy. 
1 - i n a l l y  i f  we t a k e  i n t o  a c c o u n t  t h e  o b j e c t i v e  f u n c t i o n s  used i n  o p t i m i z a t i o n  mode l s ,  
i t  seems t h a t  a u t h o r s  a r e  g e n e r a l l y  c o n t e n t  w i t h  t r a d i t i o n a l  c o n c e p t s  and se ldom 
loc)l< f o r  i n n o v a t i o n .  I n  f a c t ,  t h e  o b j e c t i v e  f u n c t i o n  most  f r e q u e n t l y  employed i s  
i n tbv i tnb ly  ~ l l c  m i n i m i z a t i o n  of  t h e  d i s c o u n t e d  c o s t s  r e q u i r e d  f o r  a  g i v e n  l e v e l  of 
clcmand. I t  i s  e v i d e n t  t h a t  t h e  m i n i m i z a t i o n  of  t o t a l  c o s t s  i s  n o t  a lways  t h e  o n l y  
o h  j e c t i v e  of  u t i l i t i e s  o r  governments .  
I n  long- term f o r e c a s t i n g  i t  i s  q u i t e  c l e a r  t h a t  a  more r e f i n e d  o b j e c t i v e  must b e  
c o n s i d e r e d .  We cou ld  a s k  o u r s e l v e s  whe the r  t h e  models  a c t u a l l y  deve loped  cou ld  be  
u s e f u l  i n  t h i s  r e s p e c t .  I s h o u l d  l i k e  t o  l e a v e  t h i s  q u e s t i o n  open f o r  d i s c u s s i o n .  
I t  would no t  be f e a s i b l e  f o r  u s  t o  t r y  t o  g i v e  answers t o  t h i s  s h o r t  l i s t  of 
complex q u e s t i o n s .  T h i s  i s  why some of them have been summarized and p r e s e n t e d  t o  
you i n  t h e  form of p o s s i b l e  s u g g e s t i o n s  f o r  t h e  a f t e r n o o n  d i s c u s s i o n s .  
T h e  f o u r  main s u b j e c t s ,  i n  b r i e f ,  a r e  a s  f o l l o w s :  
- T h e  f i r s t  concern  is  t h e  g e n e r a l  problem of  energy mode l l ing :  p r o j e c t i o n ,  
o p t i m i z a t i o n  o r  games models. 
- The second i s  t h e  f o r m u l a t i o n  of demand r e l a t i o n s .  
- The t h i r d  i s  t h e  mode l l ing  o f  t h e  R & D  impact .  
- The f o u r t h  i s  t h e  i n t e g r a t i n g  of energy models i n t o  a n  economy-wide model 
and t h e  l i n k i n g  o f  s e v e r a l  models. 
Tlle  g r e a t  number and v a r i e t y  of models now b e i n g  developed w i l l  i n c r e a s e  o u r  
knowltldge of t h e  economic mechanisms of  t h e  energy s e c t o r .  A t  t h e  same t ime new 
developments i n  o t h e r  f i e l d s  o r  sys tems w i l l  p r e s e n t  new k i n d s  of s o p h i s t i c a t e d  
t o o l s  of use  i n  our  r e s e a r c h .  Note must b e  made, however, t h a t  i n  a d d i t i o n  t o  
t h e s e  i n n o v a t i o n s  i t  i s  d e s i r a b l e  t o  e s t a b l i s h  more c o o r d i n a t i o n  among models and 
a common broad l i n e  of r e s e a r c h  a l o n g  which they could  be  deve loped .  
That  i s  why i t  i s  s o  i m p o r t a n t  today  t h a t  ene rgy  s p e c i a l i s t s  and m o d e l i s t s  have 
come t o g e t h e r  t o  work o u t  and pe rhaps  d e f i n e  an o v e r a l l  s t r a t e g y .  It i s  hoped 
t h a t  t h i s  r e v i e w  of energy  models may h e l p  t o  add and c l a r i f y  i n f o r m a t i o n  and 
i n  t h i s  way promote a  f r u i t f u l  exchange of  i d e a s .  
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MODELS CLASS A 

CANADA 




/ ~ i m e  I Cross s e c t i o n  time s e r i e s .  1 
Estimating and Forecas t ing  Model of Natural  Gas Demand. 
Showing divergence between good es t imat ing  models ( i . e .  one which 
approximates behaviour) and good fo recas t ing  models. 
System 
Dcsc r ibed 
l A r e a  t I Space Canada. I 
Natural gas.  
I 






Summary supplied by the au thors  of the  model. 
- E l a s t i c i t i e s  of demand. 
- Pro jec t ions  of demand, given forecas ted  p r i c e s  and income. 
I 
bserva t ions  Techniques w i l l  be applied t o  a l l  f u e l s .  
l ~ h e  Model I Don Dewees and Leonard Waverman, U n i v e r s i t y  of Toron to .  I 
1 1 Demand f o r  G a s o l i n e  and Automobi les .  I 
S u b j e c t  
and Goal 
The end p roduc t  w i l l  b e  a  s i m u l t a n e o u s  f o r e c a s t i n g  model which 
p r o j e c t s  t h e  demand f o r  new c a r s ,  t h e i r  c h a r a c t e r i s t i c s  and t h e  
d e r i v e d  denland f o r  g a s o l i n e ,  
System 
Descr ibed  
Mode 11 i n g  
Techniques  
I n t e r r e l a t i o n s h i p s  between t h e  p r i c e  of g a s o l i n e  and t h e  number 
and t y p e  of a u t o s  purchased .  
A r ~ > a  Time 
Space 
I n p u t  Data  
Summary s u p p l i e d  by t h e  a u t h o r s  of t h e  model. 
Time s e r i e s .  
Canada, c a n  be  a p p l i e d  anywhere. 
V e c t o r s  o f :  g a s o l i n e  s a l e s ,  p r i c e  of g a s o l i n e ,  income, automo- 
b i l e  r e g i s t r a t i o n s  (number and c h a r a c t e r i s t i c s ,  s u p p l y  of sub- 
s t i t u t e s  t o  p r i v a t e  a u t o ) ,  and p r i c e s ,  t r i p  t i m e ,  v a r i a b l e  and 
f i x e d  c o s t s  of a u t o  use .  
Output D a t a  
O b s e r v a t i o n s  
Outpu t s  w i l l  be f o r e c a s t s  of a u t o  s a l e s  and t y p e  and g a s o l i n e  u s e .  
P r e s e n t  working model i s  a n  examina t ion  of g a s o l i n e  u s e  a s  a  
f u n c t i o n  of p r i c e s ,  income and c h a r a c t e r i s t i c s .  
-- 
' l ' h ~ ,  m,~<l<.l i s  d y n ; ~ m i z c d  ( g ~ . n c . r ; ~ l  ly  f ~ , r m ~ l l : ~ t c d  f o r  a n y  numher o f  t i m e  
~ ~ x t , d  i n  p r a r t i c e  f o r  ;I p r o s p e c t  (11 2 0  y e a r s  ( i n  4 t i m e  p e r i o d s ) .  
I :  1t.1.L r  i < .  I'owc,r S y s t ~ m  I : x p d n s i o n .  
Sllh i~.c.L S<. l  c,ict  iiln o f  i ~ n  o11t i m ~ ~ m  s t r ~ ~ c t ~ ~ r ~ .  o f  e l c c t r i r  pclwer a n d  e n ~ . r g y  scrur< .?s  (medium- 
. 1 1 t c 1  ( , , . I  I ; ~ i ~ ( l  Ivrlg-r[ .rm) ; p r o u n o s t i c  Cunct  i o n s  of e l e r  t r i c .  e n e r g y  c o n s u m p t i o n  arc. p a r t  of  
I m l  . ( ; I I . I   uf t h r  compilt;it i o n s  i s  t o  e n s l l r c  tllcs c'clv(.r:IRr. (if p r o s p e c t  i v r  a r i n ~ l a l  
consllmpt i i ) n  o f  ( . l t , c t r i c  cric3rgy and  power  o n  the. d a v  o f  a n n u a l  l o a d  rn.iximum a t  min im~lm i p,)wc,r p r < > d o < ,  t  i o n  ,,osL . 
S+ r vrn 
I ) L K S < .  r i  I ) ( , I I  
l n p u  t  D a t a  
P h y s i c a l  
A d ~ , v c l o p i ~ ~ g  pclwer s y s t e m :  t h e  n r o s p e c t i v e  l o a d  ( o n  t h e  d a y  o f  a n n u a l  maximum) i s  
c l i v i d c d  i l l t o  r<.gime b a n d s  o f  t h e  m o d e l ,  a l l o w i n p  s u f f i c i e n t l y  a c c u r a t e  r e p r e s e n t a t  i o n  
o f  s t m e  n u n - l i n e a r  r c A l a t i o n s  ( e . g .  b e t w e e n  f u e l  c o n s u m p t i o n  and  t h e  l o a d  o f  ind  i v i d u a l  
powcr p l a n t  t y p e s )  by l i n e a r i z a t i o n  i n  p a r t s .  F o r  e a c h  r e g i m e  band  l o a d  i s  f i x e d  
; ~ c c o r d i ~ i i :  t o  t h e  a n n u a l  maximum l o a d  of t h e  s y s t e m  and  t h e  a n n u a l  e n e r g y  o f  e a c h  
r ( ,g im<< b:ln(l ( R i v e n  by t l i e  a n n u a l  l o a d  d u r a t i o n  c u r v e ) .  
A n o r l ~ ~ . r  h:lnd i s  a d d e d  ( a n n u a l  h o u r l y  maximilm). r e p r e s e n t i n g  power r e q u i r e m e n t s  f ~ ~ r  
c n v c , r i n g  r l ~ c  d i f t e r r n c i  h e t w e e n  h o u r l y  a n d  s h o r t - t e r m  ( 5  o r  1 5  m i n u t e s )  l o a d  maximum 
TIic, nlod8.l . i ~ . l c c t s .  f r o m  a  l i s t  of  r e s o u r c e s  c ~ m t a i n i n g  e x i s t i n g  and  p o s s i b l e  n d c l i t i v r  
Ix'wcr s t a t i o n s ,  t h e  c o v c ~ r . i & e  o f  power and  c n e r g y  r c q u i r e m e n t s  ( i n c l ~ l d i n g  r c s e r v L B ,  
r< ,q l i i rc2rn( .n t s )  w i t h  d r ~ ( ,  r e g a r d  t o  t l ~ ( '  g i v e n  s e t  o f  r e s t r a i n t s .  
SI I . I IC.  
Yocle I  l  i n g  
T v c h n i q u c . ~  
E c o l o g i c a l  
Economi c  
The  model i s  m u l t i - n o d a l  ( t h e o r e t i c a l l y  f o r  a n y  number o f  r e g i o n s ) .  S o  f a r  i t  h a s  
b e e n  u s e d  a s  o n e - n o d e  o r  t h r e e - n o d e  m o d e l .  
Mixed i n t e g e r  p r o g r a m m i n g  - s i m p l e x  a l g o r i t h m  a n d  t h e  b r a n c h  and bound a l g o r i t h m  f o r  
new s o u r c e s  w i t h  a  s m a l l  number o f  h i g h  r a t e d  u n i t s  and g r o u p s  o f  h y d r a u l i c  power 
p l a n t s  l i n k e d  h y d r a - ,  l i c a l l y )  . O b j e c t i v e  c o n d i t i o n s  a r e  m i n i m i z a t i o n  o f  t h e  sum 
o f  c o s t s  d i s c o u n t e d  t o  t h e  i n i t i a l  y e a r ,  t h r o u g h  t h e  l a s t  y e a r s  o f  a l l  d y n a m i c a l l y  
l i n k e d  p e r i o d s  t h r o u g h  a l l  r e g i m e  b a n d s ,  a l l  r e g i o n s  a n d  a l l  k i n d s  of s o u r c e s .  
- P r o s p e c t i v e  r e q u i r e m e n t s  o f  power and  e n e r g y  f o r  i n d i v i d u a l  r e g i o n s  a n d  t i m e  p e r i o d s  
- i n  p r o b a b i l i s t i c  f o r m  - w i t h  a  g i v e n  i n d e x  a r e  d e t e r m i n e d  w i t h  r e s p e c t  t o  t h e  
m a c r o e c o n o m i c  o p t i m u m  b a s e d  o n  t h e  r e g r e s s i o n  r e l a t i o n s  b e t w e e n  n a t i o n a l  income 
a n d  e l e c t r i c  r e q u i r e m e n t s .  
- S o u r c e s  o f  e l e c t r i c  power  and  e n e r g y  - f o r  e x i s t i n g  and  c o n s i d e r e d  power  p l a n t s .  
- S t a n d a r d  b a s i c  t e c h n i c a l  i n d i c e s  ( e . g .  e l e c t r i c a l  o u t p u t ,  a n n u a l  number  and  d u r a t i o n  
o f  s h u t d o w n s  f o r  o v e r h a u l s  and  r e p a i r s ,  a v e r a g e  f r e q u e n c y  o f  f a i l u r e  s h u t d o w n s .  f u r l  
c o n s u m p t i o n  c h a r a c t e r i s t i c s  o f  i n d i v i d u a l  k i n d s  of s o u r c e s ,  k i n d s  o f  p r i m a r y  e n e r g y  
s o u r c e s ) .  
- F u r l s  f o r  e l e c t r i c  e n c r g y  p r o d u c t i o n  - p r o b a b l e  a v a i l a b l e  q u a n t i t i e s  o f  f u e l  f o r  
e l e c t r i c  power p r o d u c t i o n  f o r  c e r t a i n  f u t u r e  y e a r s ,  t h e  f u e l s  a r e  d i v i d e d  a c c o r d i n g  
t o  t h e i r  o r i g i n ;  d a t a  on  c a l o r i f i c  v a l u e ,  s u l p h u r  c o n t e n t ,  e t c .  
- T r a n s m i s s i o n  g r i d s ,  e n e r g y  and  power l o s s e s  b y  t r a n s m i s s i o n .  
L i m i t a t i o n s  of i n s t a l l e d  o u t p u t  i n  i n d i v i d u a l  r e g i o n s  d u e  t o  t h e  c o n d e n s i n g  power  
p l a n t s '  e m i s s i o n s  a n d  l i m i t e d  c o o l i n g  w a t e r  s u p p l i e s .  
- 
- S o u r c e s  o f  e l e c t r i c  o u t p u t  and  e n c r g y  - e c o n o m i c  d a t a  a r e  i n c l u d e d  i n  t h e  s t a n d a r d  
q u e s t i o n n a i r e s  ( s p e r i i i c  c a p i t a l  c o s t s .  r e p a i r  c o s t s ,  f a u l t  rczmoval c o s t s ,  w a p c s ) .  
- F u e l s  f o r  e l e c t r i c  power p r o d u c t i o n  - e x t r a c t i o n  and  t r e a t m e n t  c o s t s  f o r  i n d i v i d u a l  
k i n d s  o f  f u e l s ,  t r a n s p o r t a t i o n  c o s t s  f r o m  m i n e s  t o  power  p l a n t s .  
- T r a n s m i s s i o n  g r i d s  - s o e c i f i c  r a p i t a l  c o s t s  a n a l o a o u s  t o  t h e  v a r i a h l e  c o s t  
vompont .n t s  d u c  t o  t r a n s m i s s i o n  e q u i p m e n t  o p e r a t i o n  ( i n  f i r s t  a p p r o x i m a t i o n ) .  
Ohsc.rv;~ t  i o n s  
- C o v c r a g e  o f  r e g i m e  r e q l l i r e m r n t s ,  i n c l u d i n g  l o a d  o n  t h e  d a y  o f  a n n u a l  maximum, and  
s n n u ; i l  e n e r g y .  
- Annual  s u p p l y  o f  e l e c t r i c  e n e r g y  ( a l s o  b e t w e e n  r e g i o n s ) .  
- I n s t a l l e d  c a p a c i t i e s  o f  i n d i v i d u a l  k i n d s  o f  s o u r c e s .  
- U t i l i z a t i o n  o f  t h e  i n s t a l l e d  c a p a c i t i e s  o f  i n d i v i d u a l  k i n d s  o f  s o u r c e s .  
- Shutdown and r e d u c e d  o u t p u t  o f  i n d i v i d u a l  s o u r c e s  and  t o t a l  r e s e r v e  power  o f  t h e  
s y s t e m .  
- Annual  c o n s u m p t i o n  o f  f u e l s  d i v i d e d  a c c o r d i n g  t o  k i n d s  o f  power  p l a n t s  and f u e l s .  
-- 
- V a l u e  o f  i n v e s t m e n t s  i n  e l e c t r i c  power and f u e l  b a s e s .  
- C a p i t a l  c o s t s  o f  newly  i n s t a l l e d  f a c i l i t i e s  c o r r e s p o n d i n g  t o  v a r i o u s  f u e l  b a s e s .  
a l w a y s  f o r  t h e  g i v e n  p e r i o d .  
- Annual  c o s t s  o f  e l e c t r i c  e n e r g y  p r o d u c t i o n .  
- From t h c  p r i m a r y  i n p u t  d a t a  a  s e r v i c e  p r o g r a m  c o m p u t e s  i n p u t  d a t a  f a r  t h e  
( m a t r i x  c o e f f i c i e n t s ,  v t , c t o r  o f  t h e  r i g h t  s i d e s  o f  t h e  c o n s t r a i n t s .  v e c t o r  o f  
c o e f f i c i e n t s  o f  t h e  o b j e c t i v e  f u n c t i o n ) .  
- Whcn o p t i m i z a t i o n  c o m p u t a t i o n s  a r e  c o m p l e t e d  a  s e r v i c e  p r o g r a m  c o m p u t e s  o u t p u t  
d a t a  a s  r e q u i r e d  i n  a  s t a n d a r d  t a b l e  f o r m .  
- The model c o n t a i n s  14 b a s i c  t y p e s  o f  c o n s t r a i n t s .  
- T h c  f o r m u l a t i o n  o f  v a r i a n t s  i s  p e r f o r m e d  b y :  
1- t h e  c h a n g e  o f  t h e  r i g h t  s i d e  o f  t h e  c o n s t r a i n t s  ( m a i n l y  l i m i t a t i o n s  i n  p o s s i h l c  
~ l ~ ~ v r . i ~ > p i , ~ ~ ~ n :  C I C  rit>w t y p e s  o f  s u u r c e s  and i n  q u a n t i t i e s  of i n d i v i d u a l  k i n d s  o f  f u e l s ) :  
2- ~ I I L .  cI1;111gc, o f  t l i r  ~ ) h j ~ , c . t  i v e  f t r n c t  i o n  c c w f f  i , . i c n t s  - f o r  c h a n g e s  i n  s p t , c i f  i c  
, . , i l > i ~ ; ~ I  ~ . t ~ s t s  clf v ; l r lcx is  t v p c s  of c q u i p m ~ ' n ~  and I18e l  c o s t s .  
-- 
--- 
Sc~mm;~ry s u p p l  i ~ a d  h y  t h t ,  a u t h o r  o f  t l i e  model 
C.S.S.R. 
I Prediction of SO, and Flyash Emission. 
- - 
'he Model P .  Kopac and E. Haruka ( 6 ) ,  F .  Lidicky et al., ~974(~), Energy Research Institute, 
Prague. 





;ystcm I SO, emission calculation: the system is formed by 12 aggregated energy processes 
i 
- 
Quantification of SO and flyash emissions from the viebpuint of: energy process, 2 kind of fuel, territorial region, year. Operative evaluation of the consequences 
- extraction and treatment of fuels (1 process) 
- refining of fuels (3 processes) 
- energy conversion (4 processes) 
- final consumption of fuels and energy (4 processes) 
For the flyash emission calculation only the processes of energy conversion and 
final consumption are included (8 processes) 
These processes must be characterized by the following data: 
- annual production or input or consumption of an individual kind of fuel 
(lob tlyear) 
L 
realized in 10 territorial regions. There are in total 24 kinds of fuels due to 
different sulphur content. Flyash emissions calculation: the system is formed by 
8 energy processes realized in 10 territorial regions. There are in total 14 kinds 
of fuels due to different ash content. 
Static calculation model for individual years. The model has been used for the 
years 197C, 1975, 1980, 1985, 1990. 
Ten territorial regions in the C.S.S.R. and their combinations. 
Basic equations for SO and flyash emission calculations according to the above 
four viewpoints are soived by means of the matrix calculus. The calculation is 
performed by computer. 
For the SO emission calculations the energy processes are distributed as follows: 2 
1)cscribed 
- emission factor for each process-fuel combination. 
For the SO emission calculation the individual kinds of fuel are distributed as 2 follows : 
- solid fuels (16 kinds) 
- liquid fuels ( 6 kinds) 
- gaseous fuels ( 2 kinds) 
For the flyash emission calculation 14 kinds of solid fuels are considered. 











- process (groups of processes) x territorial region and year 
- fuel (groups of fuels) x territorial region and year 
- summary of the above emission values for larger territorial regions, e.g. 
Czechoslovak Socialist Republic. 
For a glven year, 663 resulting values of SO2 emissions and 429 resulting values 
of flyash emissions are available. 
S:nmmary supplied by the authors of the model. 
Observations In connection with this calculation model an optimization model, to be tested in 
1974-75, is being prepared; its goal is the minimization of the negative 
consequences of SO2 and flyash emissions. 
. . . .  ~. ~ - .  -. -.--.  . .. .-. 
( S . ' J I  
111, 'lh,<l, I I . I , I Y O  . 1 1 i t . 1  c y  KC,~C,,I~,.~I 111s~i L I I L ~ .  , I'r,~jiue. 
1. I c . i  t r i I 1'ovc.r Sy stc.111 Ucvc Iill~nicnt. 
~ . -. -. . . -. - - - - - - - - -  
51~1, j c c  L I l l ?  si~i,ic<.t c ~ f  :I rn,>d~.l sc)lution is ele~.tric p ~ w c r  systc,m dcvclc)pmcnt i r ~  ;I long- or 
, 1 1 1 1 1  1 . 1 1 . 1  1 n~vd i ilnl-tc.r~il L iri~e pc.rspc.ct i vc.. Tl~c, .lim is tcr cwd L I I ~  ~.cunon~ic..~ l 1 y cr111 ~ I I I ~ I ~ T I  jivncr;~~- 
i~ig I,.l\i s .lrld t r;lnsnlission ~ictwork. 
- - - - 
Syst~.~:, 11 ~ c c l ~ n i ~ . ~ l  .1r1d ;in ecc~ni~mic systcnl split up into the su!)system ui' ?lc.ctricity ge11er.l- 
l)t,s<.r i ht~cl tion, tronsn~issiun and ci~nsuni~tion. Interactions with tlie subsystems of tli~, ~.nvirc,~l- 
nlvlit milinly tlic~sc. of fuel supply anu water sourc~,s, are considered, ;is is the intcr- 
. ~ e - t  iun wi t11 in~vrc.<rnnevt~,d electric power systenls. 
~ ~ -~ -- 
rlr~.:~ 1'ini~. 15-20 yv.lrs. 
- ~- 
SII.I<.C. I Ivc tr-ic- 110wvr syst~nr Jividc~d, if required, into a number of regions. F . . - -  - . - .  -~ ---. - 
?l~~~lc~l I i11g A I I I O C I C , I  SYSLL.III ~ ~ s i n g  lincilr programming for ~rriving at solutions near thr optimum, 
I ( . I  1 1 1 1  i<l~~c.s .I\ wcll .IS ;I sc>t o t  si~llulation rnod~,ls for detailed tec.hnicn1 and ec.onomica1 testing 
;I l iniic<d rll!lllh~~r ~ I I  varia~lcr {cf. Observat iu,..,, . 
Tr1711 t II:I t a I --- - - - . - - - - -- l'liy G i c:i I - Subsystem or electricity consumption: data on the parameters of the stochastic 
I<l.<inomic 
- -.
OllL~~rIl l l i l i  <I 
l'liys i <,;I 1 
1 
Ec~~~it~niic. 
v a t s  
I 
process of <.lci.tricity consumption development (component of trends, cyclic 
(.omponcnt s, random compcment) . 
- Suhsystem of electricity generation: existing generating sources and those 
1'1;lnnr~i for the perspective period, data characterizing their electric parameters, 
tli<.ir un:lvailability rate, demands for planned repairs and consumption charactcr- 
istics of generating units. 
- Subsystem of transmission: configuration and electric parameters of the initial 
network, alternative connection schemes and electric parameters of the planned 
transmission devices. 
- Subsystem of consumption: costs (losses) originating from the non-delivery of 
I kWh ol electricity. 
- Investment costs and ;I constant component of operating costs connected with the 
building and operation of power plants, schemes for financing during building, 
specific fuc,l costs, etc. 
- Subsystem of transmission: investment costs and a constant component of op<,rating 
costs connected with the building and operation of transmission devicc~s, schemes 
for iinancing d~rr ing building. 
- Sl~bsys~c~n of e~lvir<)n~nc~nt: limits prim;~ry rnergy sourvcs. c,xport and imp~~rt 
of c ~ l c ~ c ~ r i c i ~ y .  
- - 
- l~\lur~il;~Lion ch~ri~c~ctrizing the optimum structure of the generating basis oi the 
system (p;~rticipation ol individual types of power in the total installed 
capacity) and the development of this structure with time. 
- The development trend of power supply reliability in the perspective period or 
the development of reserve power necessary for aitaining a certain chosen index 
of system reliability. 
- The optimum standard daily load curves during the optimization period; optimum 
distribution of annual energy generation among the individual types of power 
plants; consumption of fuels. 
- The devclopment or transmission networks corresponding to the chosen structure 
or the generating basis and to alternative dislocations of sources. 
- Flow of investment costs of the development of the generating basis and trans- 
mission networks (divided among the individual types of equipment). 
- Flow of a co~istant component of the operating costs of the generating basis and 
of tr.lnsmission netwurks. 
- F ~ O W  ~f i11~~1 C O S ~ S .  
The o,>timization of electric power system development is solved by nieans of a set 
of interacting models in which the initial prognostic information undergoes a 
progressive transform;ition. The procedure may be split up into the following stages: 
- A linearized optimization model of the electric power system .is a wllole, 
p.~rti~.ip;ltion ~ , i  rlic. individual types of sources near t l i ~ ~  optimum being determined 
from tllc3 point ni v i ~ % w  the total cost development and oper;ltion ol the system 
i l l  tllc, pc,rsvectivv pc.riod; 
- A simulation model of thc generating basis development generates tactiral altrrn- 
atives which develop the results of the linearized model in time. The reliability 
of the electric "ox.rer system is tested and the terms of nr~ttino new ?eneratin? 
units intv operation are fixed; 
- For the grnerating basis given by the preceding modcl, operation of the ~rlectric 
powc.r oyst~>m is simulated and the role of individual types c,f power plants in 
tlic systc.m is cunsiderc,d. Fuel cL,sts, tile consumption of individual furls and 
tile probablc m.lgrli ttldc < , I  the 1111delivc.red energy are evaluated and a nodal balance 
~ii the ele~.tricity ic determin<,d; 
- Based <,n thesi. n d a l  hnlances, thL,~rc is the development oi transmission networks 
' rcquirc,d i01- tr~nsp,>rt of electricity from the point or generation to the center 
o i  ~.,irlsumpt ion; 
- Tlie cIc~vc, l~>pmc,nt ~.i~.t iL.s invest is.) t L.J .)re given a complex economic evaluation based 
c>n tlit. dyriilni~ ritcl-ia of ~,~.~,n~)rni~. <if~.c t ivenc-ss. 
C.S.S.R. 
The Model ) E. Krejcova and S. Pacak, 1969(10); E. Krejcova et al., 1971 (11, i i - j  . I  
S. Pacak, 1974"~); V. Zapletal and E. Krejcova, 1973(14); CIGRE. 
I 1 Development of an Electric Network. I I 
S u b j e c ~  1 The program can solve elementary and special questions of topological con- 
and Goal figuration of the electric power system for a given time: I Connection of new power plants; when necessary also the choice of suit- 
able sites from the point of view of network configuration. / Choice of links between electric power systems at different voltages; 1 
when necessary also the choice of sites for new transformer substations. 
- Choice of an economically optimum configuration vs. the minimum necessary 
extent so that the system may fulfill its transmission or distribution 
function. 
The transmission or subtransmission electric system to be proposed for future 
development. 
Period under study: an arbitrarily chosen period in the future; the parameters 
of the solution are related to e.g. 1 year. A r e n  
--
- ~ 
energy losses. The inverse principle used consists in the successive elimin- 
ation of lines or groups of lines. The order of elimination is so arranged that 
it leads to a maximum reduction in the economic function in each optimization 





are tested i.e. overload of elements, unacceptable isolation of nodes, dis- 
connection of the system, etc. The power flow calculation is made by a method 
corresponding to the direct current laws (the Gauss-Seidel iterative method). 
.Space 
The program selects, from the elements predicted for solving the partial prob- 
lems of the system, a combination which leads to the minimum or next-to-minimum 
value of the economic function. The economic function contains the fixed annual 
costs (charges, service and maintenance costs) and the annual cost of power and 
/input Data I t 
Sumber of nodes in the system 5 150, number of branches in the system 5 300, 




1 Economic 1 Value of the economic function, fixed costs and costs of losses during the period1 
The balances at the nodes, topological data of the network, resistances, reac- 
tances and the maximum permitted loading of lines and transformers; also data 
concerning the elements and groups of mutually dependent elements, minimum 
orders of the nodes. 
Minimum and maximum number of parallel branches between the'2 nodes. 
Costs of 1EW lost, fixed cos.ts of branches and surcharges on substation equipment 
during the period under study. 
Output Data 
Physical 
I 1 under study. I 
A detailed configuration of the electric power system, distribution of the flow 
of active power in lines, power losses. 
Summary supplied by the authors of the model. 
3bservations - The method chosen is heuristic. 
- It is possible to introduce reliabilty requirements by modifying the input 
conditions. Nevertheless, the quantitative evaluation of reliability should 1 be carried out separately. 
- The results furnished by the MDF (MAX) program have a static character, but I they can also serve er  a basis for dynamic planning by repeating the optimir- / ation cycle from the final stage to the beginning of the period in question. 
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FINLAND 
The Model E .  Rautoma. 3. Sourande r  e t  a l . ,  1974"'), Co. N e s t e  Oy, H e l s i n k i .  
P r o d u c t i o n  P l a n n i n g  and t h e  New Technology.  
Consumption 
and 
Marke t ing  
S u b j e c t  
and Goal 
System 
Desc r ibed  
Area 
Mode 11 i n g  
T e c h n i q u e s  
I n p u t  Data  
P r o d u c t i o n  
Economic 
P l a n n i n g  o f  o p t i m a l  p r o d u c t i o n  s t r a t e g y  of o i l  and p e t r o c h e m i c a l  p r o d u c t s  i n  F i n l a n d  
i n  t h e  long  and s h o r t  term.  I n c l u d e s  consumption,  m a n u f a c t u r i n g ,  impor t  and e x p o r t ,  
a s  w e l l  a s  a  d e s c r i p t i o n  o f  new p r o c e s s  u n i t s  of which t h e  most economic a r e  s e l e c t e d  
and c a p a c i t i e s  o p t i m i z e d  t o  meet  f u t u r e  demand. The model a l s o  g i v e s  an  o p t i m a l  
p r o d u c t  q u a l i t y  and raw m a t e r i a l  s p e c i f i c a t i o n  p a t t e r n .  
Mainly  t h r e e  t y p e s  of models  a r e  u s e d  f o r  d i f f e r e n t  p l a n n i n g  p u r p o s e s :  
- l ong  r a n g e  p l a n n i n g  model 
- t ime  s t a g e d  s h o r t  r a n g e  model 
- s h o r t  r a n g e  p l a n n i n g  model.  
These  mode l s  d e a l  w i t h  t h e  p rob lems  of o p t i m a l  ~ r o d u c t i o n  i n  Nes t e  Oy from d i f f e r e n t  
p o i n t s  o f  v iew.  V a r i o u s  ~ r o d u c t i o n  and c o n s t r u c t i o n  a l t e r n a t i v e s  a r e  e v a l u a t e d  a n d '  
t h e  o p t i m a l  o n e s  s e l e c t e d  by t h e  models  t o  meet t h e  demand. 
The mode l s  a r e  s t e a d y - s t a t e  mode l s  f o r  a   re-selected t i m e  i n t e r v a l ,  e x c e p t  t h a t  f o r  
t i m e  s t a g e d  s h o r t  r a n g e  p l a n n i n g :  t h i s  is dynamic and c o n t a i n s  6-12 t ime  s t a g e s  f o r  
o p t i m a l  s c h e d u l i n g  o f  p r o d u c t i o n  p l a n s .  
Time i n t e r v a l s :  
- l o n g  r a n g e  p l a n n i n g  model 1-10 
- s h o r t  r a n g e  p l a n n i n g  model 1  month. 
These  models  c o n t a i n  a  comple t e  d e s c r i p t i o n  o f  o i l  and p e t r o c h e m i c a l  a c t i v i t i e s  i n  
F i n l a n d ,  r e f l e c t i n g  a l s o  some non-domest ic  a c t i v i t i e s .  
The models  a r e  o p t i m i z a t i o n  mode l s  u s i n g  l i n e a r  p rog ramning  v i a  m a t r i x  g e n e r a t i o n .  
The o b j e c t i v e  f u n c t i o n  ma in ly  u s e d  i s  t h e  n e t  p r o f i t  b e f o r e  f i x e d  c o s t s .  The 
f o l l o w i n g  c o n s t r a i n t s  must be  s a t i s f i e d :  
- Demand f o r  a l l  o i l  and p e t r o c h e m i c a l  p r o d u c t s  must  b e  s a t i s f i e d  e i t h e r  by 
d o m e s t i c  p r o d u c t i o n  o r  by i m p o r t s  
- P r o d u c t  q u a l i t y  s p e c i f i c a t i o n s  must be  complied w i t h  
- E x p o r t  r e s t r i c t i o n s  must  b e  f o l l o w e d  
- Supp ly  r e s t r i c t i o n s  o f  raw m a t e r i a l s  must be  o b s e r v e d  
- Regiona l  consumption must be  s a t i s f i e d  by t r a n s p o r t  
- S t o r a g e  r e q u i r e m e n t s  a r e  g i v e n .  
Each p r o d u c t i o n  u n i t  h a s  a  g i v e n  c a p a c i t y .  a  v a r i e t y  o f  d i f f e r e n t  y i e l d  p a t t e r n s ,  
f u e l  and u t i l i t i e s  consumption and o t h e r  p r o c e s s  c h a r a c t e r i s t i c s .  The r e q u i r e m e n t s  
o f  p r o c e s s  u n i t  c a p a c i t i e s  must a l s o  be  s a t i s f i e d .  These  models  c o n t a i n  a  d e t a i l e d  
d e s c r i p t i o n  o f  2  r e f i n e r i e s .  1 r e f i n e r y  e x t e n s i o n ,  1 h y p o t h e t i c a l  r e f i n e r y .  1  o l e f i n  
and p e t r o c h e m i c a l  p r o d u c t i o n  c o q l e x ,  1  power s t a t i o n ,  and 10  m a r k e t i n g  and s t o r i n g  
r e g i o n s ,  a s  w e l l  a s  t o t a l  i m p o r t ,  e x p o r t  and consumpt ion  d e s c r i p t i o n s .  
- Y i e l d s  and c a p a c i t y  o f  e v e r y  p r o d u c t i o n  u n i t .  
- U t i l i t i e s  ( f u e l ,  s t eam,  e l e c t r i c i t y ,  w a t e r ,  c h e m i c a l s ,  c a t a l y s t s ,  e t r . ) ;  
consumption of e v e r y  p r o d u c t i o n  u n i t .  
- A l l  p o s s i b l e  f e e d s t o c k s  o f  e a c h  p r o d u c t i o n  u n i t .  
- P r o p e r t i e s  o f  e a c h  component.  
- S p e c i f i c a t i o n s  o f  e a c h  p r o d u c t .  
- S t o r a g e  c a p a c i t i e s  and s t a r t i n g  s t o r a g e  i n v e n t o r y  of e a c h  p r o d u c t  and 
a l l  raw m a t e r i a l s .  
- Allowed u s e  o f  b l e n d i n g  c h e m i c a l s .  
- Consumption e s t i m a t e s  f o r  a l l  o i l  and p e t r o c h e m i c a l  p r o d u c t s .  
- Impor t  and e x p o r t  r e s t r i c t i o n s  o n  p r o d u c t s  and raw m a t e r i a l s .  
, 
- Marke t ing  i n f o r m a t i o n  of each  m a r k e t i n g  a r e a .  
- S e l l i n g  p r i c e s  o f  a l l  o i l  and p e t r o c h e m i c a l  p r o d u c t s  i n  e a c h  m a r k e t i n g  a r e a .  
- P u r c h a s i n g  p r i c e s  of a l l  r a v  m a t e r i a l  and impor t ed  p r o d u c t s .  
- F r e i g h t s .  
- U n i t  o p e r a t i n g  c o s t s  f o r  e v e r y  p r o d u c t i o n  u n i t ,  f rom consumed amount and p r i c e  o f  
e a c h  u t i l i t y .  
- P r i c e s  o f  p r o d u c t  a d d i t i v e s .  
O u t p u t  Da ta  
Economic 
P r o d u c t i o n  
Marke t ing  
- P r o f i t  b e f o r e  f i x e d  c o s t s  a t  optimum. 
- V a r i o u s  m a r g i n a l  changes  o f  p r o f i t .  
- Opt ima l  p r c d u c t i o n  s t r a t e g y  i n c l u d i n g  r a t e  o f  p r o d u c t i c n  f c r  each  p r o d u c t ,  b l e n d i n g  
r e c i p e s ,  f e e d  r a t e s  of each  p r o d u c t i o n  u n i t ,  r u n  c h a r a c t e r i s t i c s  and s e v c s r i t i e s  of 
e a c h  u n i t .  
- Optimal  i l l ves tmen t  s t r a t e g y  i n c l u d i n g  t y p e ,  c a p a c i t y  and p r o b a b l e  
c h a r a c t e r i s t i c s  of new p r o d u c t i o n  u n i t .  
- Opt ima l  q u a l i t y  s t r a t e g y  w i t h i n  p r o d u c t  s p e c i f i c a t i o n s .  
- U t i l i t y  r e q u i r e m e n t s  i n c l u d i n e  p o t e n t i a l  s e l f - p r o d u c t i o n  of u t i l i t i e s .  
- 
- Optimal  impor t  and e x p o r t  s t r a t e g y ,  i n c l u d i n g  t y p e  and q u a n t i t y  o f  e a c h  p r o d u c t  
and raw m a t e r i a l .  
I I - Optimal  s t r a t e g y  f o r  t r a n s p o r t i n g  t o  t h e  consumers .  I 
I I 
Sunnnary s u p p l i e d  by t h e  a u t h o r s  o f  t h e  model.  
S b s r r v a t i o n s  Thesc! models  have proved t o  be  o f  g r e a t  assistance. i n  ~ I ~ a r i s i o n - n ~ ; l k i n g  ill hot11 t h ~ .  long 
and s h o r t  term a t  t h e  h i g l ~ e s t  companv I r v c ~ I .  'Their u se  i n  v ; ~ r i ( ~ ~ ~ s  i i c , l d s ~ ) f  <.oml):lny 
a c t i v i t y  i s  s t e a d i l y  growing.  
FRANCE 
--- 
The Model J . P .  C h a r p e n t i e r ,  G .  Naude t ,  R .  P a i l l o t ,  1973  
Commissa r i a t  > 1 ' E n e r g i e  Atomique, P a r i s .  '1---
~ 
1 PANACH, S i m u l a t i o n  Model of t h e  N u c l e a r  F u e l  C y c l e .  1 
D e s c r i b e d  
S u b j e c t  
and Goal  
The model  d e s c r i b e s  i n  g r e a t  d e t a i l  t h e  ne twork  of  t h e  n u c l e a r  f u e l  
c y c l e .  Each s t e p  i s  c o n s i d e r e d :  m i n i n g  - m i l l i n g  - e n r i c h m e n t  - 
m a n u f a c t u r e  - r e p r o c e s s i n g  and  management o f  f u e l s  i n s i d e  n u c l e a r  
r e a c t o r s .  
T h i s  model  c o u l d  be u sed  f o r  b o t h  management and i n v e s t m e n t  
s i m u l a t i o n s .  
The g o a l  o f  t h e  model i s  t o  e s t i m a t e  t h e  a n n u a l  and c u m u l a t i v e  
amounts  of  d i f f e r e n t  t y p e s  of n u c l e a r  f u e l s  needed  by a  s e t  o f  
v a r i o u s  n u c l e a r  r e a c t o r s .  T h i s  s e t  is  t h e  r e s u l t  o f  some 
a s s u m p t i o n s  of  p o s s i b l e  s c e n a r i o s  d e s c r i b i n g  t h e  deve lopmen t  of  
1 e l e c  t r o - n u c l e a r  p l a n t s .  
I Only t h e  p h y s i c a l  a s p e c t  of t h e  s i m u l a t i o n  h a s  been  implemented;  
i n v e s t i g a t i o n  o f  t h e  i n v e s t m e n t s  f o r e c a s t  and management c o s t  a r e  
n o t  y e t  r e a d y .  
The number of  i n p u t  d a t a  i s  q u i t e  l a r g e ,  c o m p r i s i n g  d e t a i l e d  
i n f o r m a t i o n  (montti by month)  on:  
- t h e  t o t a l  e l e c t r i c i t y  demand f o r e c a s t  t h a t  w i l l  be  s a t i s f i e d  by 
n u c l e a r  p l a n t s  
- t h e  s c e n a r i o s  d e s c r i b i n g  what k i n d  of n u c l e a r  r e a c t o r  w i l l  be 
a v a i l a b l e  (deve lopmen t  of  t h e  b r e e d e r  c a n  be  l i m i t e d  by t h e  
a v a i l a b i l i t y  of  p l u t o n i u m ,  f o r  example)  
- t h e  volume of e a c h  k i n d  of f u e l  u sed  by e a c h  t y p e  of r e a c t o r  
- t h e  e x a c t  t i m i n g  be tween two s u c c e s s i v e  o p e r a t i o n s  i n  t h e  f u e l  
c y c l e .  
The ma in  o u t p u t s  a r e :  
- d e s c r i p t i o n  of t h e  n u c l e a r  i n v e s t m e n t  programs t h a t  we re  i n c l u d e  
u n d e r  c e r t a i n  c o n d i t i o n s ,  e . g .  t h e  p o s s i b l e  program o f  f a s t  
b r e e d e r  r e a c t o r s  i f  t h e i r  deve lopmen t  were  c o n t i n g e n t  on t h e  
a v a i l a b i l i t y  of  p l u t o n i u m  
- e v o l u t i o n  o f  t h e  r e q u i r e m e n t s  of  e a c h  k i n d  of  f u e l  a t  e ach  s t e p  
From 1973 t o  t h e  y e a r  2000. 
F r a n c e  a s  a  who le .  Area  
1 
Model l i n g  
T e c h n i q u e s  
of t h e  f u e l  c y c l e ;  t h e  r e q u i r e m e n t s  c a n  b e  s u p p l i e d  e i t h e r  month 




The f l o w  of  e a c h  n u c l e a r  f u e l  i s  f o l l o w e d  t h r o u g h  t h e  o v e r a l l  
n u c l e a r  ne twork  month by month. 
Summary w r i t t e n  by one  of t h e  a u t h o r s  of t h e  model .  
L 
O b s e r v a t i o n s  T h i s  model i s  s t i l l  u n d e r  deve lopmen t  and i n c o r p o r a t e s  t h e  economic  
p o i n t  o f  v i ew  ( c o s t  o f  i n v e s t m e n t s  and management) .  
FRANCE 
'The Model I J . C .  Dodu, 1970(17) ,  ~ l e c t r i c i t ;  de France ,  p a r i s .  
I 1 M E X I C O ,  E l e c t r i c a l  Network Transpor t .  I 
Subjec t  
and Goal 
l ~ i m e  1 S t a t i c  model f o r  a  p a r t i c u l a r  p o i n t  i n  t ime. 
Est imate  of d i s t r i b u t i o n  s a f e t y  ( through a  c r i t e r i o n  of f a i l u r e )  i n  
a  l a r g e  network. 
System 
Described 
E l e c t r i c a l  network t r a n s p o r t :  emphasis on s a f e t y  problems. 
Mod e  1 1 i n g  
Techniques 
Area I 
The Mexico model uses  s e q u e n t i a l  random drawing,  adding thousands 
of s i t u a t i o n s  where t h e  e l e c t r i c a l  l i n e s  and t h e  power p l a n t s  a r e  
randomly a v a i l a b l e .  The model minimizes t h e  o v e r a l l  f a i l u r e  i n  
each s i t u a t i o n  u s ing  a  l i n e a r  programming method. It a l s o  
c a l c u l a t e s  shadow p r i c e s .  Two minutes  a r e  nece s sa ry  t o  i n v e s t i g a t e  
2000 s i t u a t i o n s .  
Space France a s  a  whole - 100 nodes - network. 
/ou tpu t  Data i 1 
Inpu t  Data 
P h y s i c a l  
P h y s i c a l  
I,:c onom i c 
Each a r c  of  t h e  network i s  c h a r a c t e r i z e d  by a  p r o a b i l i t y  of f a i l u r e  
and a  l i m i t  of  c a p a c i t y .  
Each p l a n t  i s  l i n k e d  t o  a  node and i n t e r f e r e s  w i th  s a f e t y  through 
i t s  r a t e  of f a i l u r e .  
The consumption i s  given  f o r  each node. 
The load-sheddings implemented t o  r e s p e c t  t h e  c o n s t r a i n t s  of t h e  
network and t o  minimize g l o b a l  f a i l u r e  p rov ide  t h e  average f a i l u r e .  
The 10 most troublesome c a s c s  a r e  l i s t e d  with  r c l c v a n t  d e t a i l s  i n  
o r d e r  t o  a n a l  y z c  t l l c ,n l .  
Economic I Cost of f a i l u r e .  
'I'hc shadow ~ r i c c s  l ~ t ~ r m i  t eva l ua t  ion  of t he  i n f  lucnce of t h e  
fo l lowing  f a c t o r s  upon g l o b a l  s a f e t y :  
- t h e  l i m i t  of c a p a c i t y  of each l i n e  
- t h e  l o c a t i o n  of t h e  thermal  p l a n t s  
- t h e  demand be longing  t o  each node. 
Summary suppl ied  ( i n  French) by t h e  au tho r  of t h e  model. 
Observa t ions  The Mexico model g ive s  a  g l o b a l  view of t he  weakness of t h e  network: 
i t  t ake s  i n t o  c o n s i d e r a t i o n  t h e  s a f e t y  c r i t e r i o n  which i s  e s s e n t i a l  
f o r  t h e  p l ann ing  of t h e  network. 
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Summary reviewed by t h e  a u t h o r s  of t h e  model. 
' J . C .  Duper r in  and M. Godet, 1974(18) ,  Commissariat  'a l l ~ n e r g i e  
Atomique, P a r i s .  
MIC-MAC, H i e r a r c h i c a l  O r g a n i z a t i o n  of  t h e  Elements of a  System. 
The g e n e r a l  g o a l  i s  t o  i n v e s t i g a t e  t h e  r e l a t i v e  impact of  d i f f e r e n t  
pa ramete r s  - s o c i a l ,  t e c h n i c a l ,  economic o r  e c o l o g i c a l  - on t h e  
growth of n u c l e a r  ene rgy .  
I n  t h e  ~ r e l i m i n a r y  q u a l i t a t i v e  approach,  t h e  r e l e v a n t  sys tem of  
n u c l e a r  energy i s  d e s c r i b e d  by a  l i s t  of e v e n t s  o r  v a r i a b l e s  and by 
a  s e t  of q u a l i t a t i v e  r e l a t i o n s h i p s  between t h e s e  v a r i a b l e s .  
The q u a n t i t a t i v e  approach d e a l s  w i t h  t h e  p r o b a b i l i t i e s  of t h e  
e v e n t s .  
I n  t h i s  model one must choose a  r e f e r e n c e  (2000 i n  t h e  a p p l i c a t i o n ) .  
France  a s  a  whole.  
The q u a l i t a t i v e  approach c o n s i s t s  of r e d u c i n g  t h e  complexi ty  of t h e  
s t u d i e d  sys tem by s e l e c t i n g  t h e  most impor tan t  f a c t o r s .  The s e t  of 
v a r i a b l e s  and t h e  b i n a r y  r e l a t i o n s h i p s  form a  network.  The 
c r i t e r i o n  of importance  cons ide red  f o r  t h e  h i e r a r c h i z a t i o n  i s  t h e  
number of feedback loops  i n t e r s e c t i n g  a  g iven  f a c t o r .  The 
q u a n t i t a t i v e  approach i s  based on a  c r o s s  impacts  m a t r i x .  A l i n e a r  
program g i v e s  a  s e t  of p r o b a b i l i t i e s  f o r  t h e  " s t a t e s  of n a t u r e "  
( i f  t h e  a  p r i o r i  p r o b a b i l i t i e s  of e v e n t s  provided by t h e  e x p e r t s  
a r e  n o t  i n c o n s i s t e n t ) .  
Q u a l i t a t i v e  s t a g e :  a  l i s t  of N v a r i a b l e s  and t h e  m a t r i x  of t h e  
b i n a r y  r e l a t i o n s h i p s  between t h e s e  v a r i a b l e s .  
Q u a n t i t a t i v e  s t a g e :  t h e  N of t h e  " i s o l a t e d  even t s"  
cons ide red  on a given t ime h o r i z o n ;  t h e  
N(N - 1 )  concli t iorla1 prol>nbil  i t  i c s  of  i s o l n t c t l  
t,vcb~lL s c~onll) i l l c h c l  L wo by 1 wo. 
Q u a l i t a t i v e  s t a g e :  t h e  h i e r a r c h y  of f a c t o r s  ( e v e n t s )  i s  g iven  by 
t h e  Mic-Mac program. 
Q u a n t i t a t i v e  s t a g e :  a  p o s t e r i o r i  p r o b a b i l i t i e s  d e r i v e d  from t h e  
e x p e r t s '  e s t i m a t e s ;  p r o b a b i l i t i e s  of s t a t e s  
of n a t u r e  a l l o w i n g  t h e  b u i l d i n g  of s c e n a r i o s .  
There  a r e  p r a c t i c a l  l i m i t s  t o  t h e  number of e v e n t s  t o  e n t e r  i n  t h e  
c r o s s  impac t s  model, because  f o r  N e v e n t s  t h e  e x p e r t s  have t o  
answer abou t  2  N~ - N q u e s t i o n s .  
The Model 
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FRANCE 
I I 1 Choice  of P r o d u c t i o n  I n v e s t m e n t s  a t  E.D.F. I 
T h e  Model 
[ s u b j e c t  I I T h i s  model  o f  l ong- t e rm i n v e s t m e n t s  a ims  t o  d e t e r m i n e  t h e  1 
A. B r e t o n ,  1 9 7 2 ( ' ~ ) ;  D.  ~ e v i  and D .  Saumon, 1 9 7 3 ( ~ O ) ,  ~ l e c t r i c i t 6  
d e  F r a n c e ,  P a r i s .  
and Goal  
I I ( ~ i m e  I Dynamic model  ( a r e a :  y e a r  2000) .  
q u a n t i t i e s  o f  t h e  d i f f e r e n t  t y p e s  of  equipment  ( n u c l e a r ,  t h e r m a l ,  
c l a s s i c a l ,  power pumping p l a n t s )  t o  be p u t  i n t o  o p e r a t i o n  e v e r y  I 
System 
D e s c r i b e d  
y e a r .  
Sys tem o f  e l e c t r i c i t y  p r o d u c t i o n  w i t h o u t  a  t r a n s p o r t  ne twork .  
Area 
! I equ ipmen t ) .  I 
I 
Space  ( F r a n c e  a s  a  w h o l e ;  p u n c t u a l  model w i t h o u t  ne twork .  
Mode l l ing  
T e c h n i q u e s  
The a l g o r i t h m  o p e r a t e s  i n  two s t e p s :  t h e  c o n t r o l  v a r i a b l e s  a r e  
e s t a b l i s h e d  ( q u a n t i t i e s  of  equ ipmen t )  and t h e  o p t i m a l  management a t  
a  f i x e d  power o f  t h e  e n t i r e  e l e c t r i c i t y  p l a n t  i s  t h e n  found.  T h i s  
p rob lem i s  t r e a t e d  a s  a  l i n e a r  program,  t h e  s o l u t i o n  o f  which  i s  
found by i t e r a t i o n  on t h e  m a r g i n a l  c o s t  of t h e  e n e r g y  accumula t ed  
by t h e  ~ u r n p i n g  p l a n t s .  A new c o n t r o l  i s  t h e n  deduced ,  which 
improves  t h e  e x p e c t e d  v a l u e  of  t h e  i n v e s t m e n t  and work ing  c o s t s .  1 
O p t i m i z a t i o n  model u s i n g  o p t i m a l  c o n t r o l .  The e v a l u a t i o n  f u n c t i o n  
i s  a  f u n c t i o n  o f  c o s t  c o n s i s t i n g  of  t h r e e  t e r m s  ( i n v e s t m e n t s ,  
management, breakdown) .  C o n s t r a i n t s  f o r  s a t i s f a c t i o n  o f  t h e  demand 
and p h y s i c a l  l i m i t a t i o n  ( e n f o r c e d  o r  l i m i t e d  deve lopmen t  of  c e r t a i n  
l l n p u t  d a t a  
I 
Economic 
The s u p p l y  of t h e  t h e r m a l  and n u c l e a r  ~ r o d u c t i o n  o f  t h e  e n t i r e  
e l e c t r i c i t y  p l a n t  i s  c o n s i d e r e d  on a n  a v e r a g e :  e a c h  t y p e  of  
equipment  is  d i s t  i n g u i s h c d  by 211 u n a v a i l a b i l i t y  c o e f f i c i e r i t ,  t h e  , 
d i s p e r s i o n  of wllich i s  n e g l e c t e d .  
The h y d r a u l i c  p r o d u c t i o n  i s  shown i n  a n  a g g r e g a t e  manner ( a n o t h e r  
model i s  used  i n  o r d e r  t o  a l l o w  t h e  a g g r e g a t i o n  of  t h e  l a k e  l o c k a g e  
work p l a n t s  w i t h  t h e  s t r e a m ,  t a k i n g  i n t o  a c c o u n t  t h e  i n f l u e n c e  i I 1 between p l a n t s ) .  The p r o d u c t i o n  i s  random and t h e  samples  a r e  
p r o v i d e d  f rom p a s t  h y d r o l o g i c a l  d a t a .  
The demand i s  i n d i c a t e d  by "monotones" o f  weekly  c o s t s  ( c a l c u l a t e d  
by a  v e c t o r i a l  f o r e c a s t i n g  model f rom t h e  l e v e l s  o f  consumpt ion  by 
u s e  and t h e  a p p r o p r i a t e  c h a r a c t e r i s t i c s  f o r  e a c h  o n e ) .  The number 
o f  h o u r l y  p o s i t i o n s  v a r i e s  ( 1 0  t o  1 5 ) .  The l e v e l  o f  a n n u a l  
- - 
consumpt ion  i s  c o n t i n g e n t :  1 5  consumpt ion  d r a f t s .  
The c o s t  o f  f a i l u r e  i s  an  i n c r e a s i n g  f u n c t i o n  o f  t h e  s e v e r i t y  o f  
I 
t h e  f a i l u r e .  
The i n v e s t m e n t  and f u e l  c o s t .  i 
/Ou tpu t  Data  
P h y s i c a l  
Economic 
- Opt ima l  equipment  program. 
- Expected  v a l u e  o f  t h e  economic l i f e  of  t h i s  equ ipmen t .  
- P r o b a b i l i t y  of  f a i l u r e .  
- M a r g i n a l  c o s t s  o f  p r o d u c t i o n  o f  d i f f e r e n t  h o u r l y  p o s i t i o n s .  
- Value  i n  u s e  o f  t h e  equipment .  
O b s e r v a t i o n s  The model i s  used  t o  g e n e r a t e  t h e  
p e r m i t s  t h e  e s t i m a t e  of  p r o f i t a b i l i t y  of  i n d i v i d u a l  p r o j e c t s  ( c f .  
"Use o f  g l o b a l  models  f o r  t h e  c h o i c e  o f  t h e  program o p e r a t i o n  a t  
E.D.F.;" A l b e r t  and P. L a r i v a i l l e ,  Confe rence  IFORS, A t h e n s ,  1968) .  
F.R.G. 
The Model I R. B i e s e l t  , 1 9 7 2 ( ' l ) ,  T e c h n i s c h e  Hochschu le ,  Aachen. 
I 1 Development of  Power P l a n t s  i n  Nordrhein-Westf  a l e n .  I 
D e s c r i b e d  
S u b j e c t  
and Goal 
The power f a c i l i t i e s  a r e  e n l a r g e d  s t e p  by s t e p ,  i . e .  by a d d i n g  
i n d i v i d u a l  power u n i t s .  T h i s  p r o c e d u r e  a l l o w s  f o r  t h e  o p t i m i z a t i o n  
I t  i s  t h e  a im of t h e  model t o  e s t a b l i s h  t h e  o p t i m a l  s t r a t e g y  f o r  
e x t e n s i o n  and o p e r a t i o n  o f  an  e l e c t r i c  power g e n e r a t i n g  s y s t e m  o v e r  
a  medium-range p l a n n i n g  p e r i o d ,  min imiz ing  n e t  d i s c o u n t e d  c o s t s  
o v e r  t h a t  p e r i o d .  
o f  u s e  on t h e  b a s i s  of  t y p i c a l  d a i l y  l o a d  d i a g r a m s .  The i n t e n t i o n  
i s  t o  a r r i v e  a t  a  load  d i s t r i b u t i o n  on t h e  i n d i v i d u a l  u n i t s  which  
r e s u l t s  i n  minimum f u e l  consumpt ion  c o s t s .  The model c o n s i d e r s  
r e s e r v e  c a p a c i t y ,  m a i n t e n a n c e  and f a i l u r e  of power p l a n t s .  
Independen t  v a r i a b l e s  of t h e  model a r e  : 
- o p e r a t i o n a l  c h a r a c t e r i s t i c s  f o r  e a c h  u n i t  f o r  d i f f e r e n t  l o a d s  
- d i s c r e t e  c a p a c i t i e s  f o r  e a c h  t y p e  of  u n i t .  
Time Because o f  t h e  d i s c r e t e  a d d i t i o n  of power u n i t s  o n l y  a  medium-range 
p l a n n i n g  p e r i o d  of 5 t o  15  y e a r s  can  be  used .  
rrea I Space  
input Data  
Can b e  g e n e r a l l y  a p p l i e d ;  t h e  o n l y  l i m i t a t i o n  t o  t h e  number of t h e  
power p l a n t s  u n d e r  c o n s i d e r a t i o n  is  t h e  computer  t i m e  i n c r e a s e .  
I 
Y o d e l l i n g  
Techn iques  
O u t p u t  Data  
The d i s c r e t e  i n d e p e n d e n t  v a r i a b l e s  ( o p t i m i z a t i o n  v a l u e s )  a r e  
d e t e r m i n e d  by means of  e i t h e r  t h e  m o d i f i e d  b r a n c h  and bound method 
o r  a  m o d i f i e d  dynamic programming r o u t i n e .  
O b s e r v a t i o n s  
- The s p e c i f i c  v a r i a b l e  c o s t s  of  t h e  u n i t s  i n s t a l l e d  a t  t h e  
b e g i n n i n g  of t h e  p l a n n i n g  p e r i o d  a s  a  f u n c t i o n  of t h e  o u t p u t  o f  
t l ~ c  u n i t .  
- 'L'llc, spc.c.ific. v; l r i , l l , lc  c .os ts  nntl i n s l ; l l l i l l i o n  csosts for  a l l  u n i t s  
L 0 Oc' ;lcltl cYl . 
- Annual c.xpcc.tc~l n~,i i i i t e n , ~ n c c ~ ,  r c ~ p n i r  ancl p e r s o n n e l  c o s t s  o f  u n i t s  
t o  be  added.  
- C h a r a c t e r i s t i c  d a i l y  load  c u r v e s  of working  d a y s ,  S a t u r d a y s ,  
Sundays ,  i n  t h e  fo rm of d i s c r e t e  v a l u e s  f o r  o u t p u t l h r  f o r  each  
p e r i o d  of  t h e  y e a r .  
- Budget  d a t a :  i n t e r e s t  r a t e ,  t a x  r a t e ,  d e p r e c i a t i o n  p e r i o d ,  
i n s u r a n c e  r a t e .  
- C a l o r i f i c  v a l u e s  and p r i c e s  of  f u e l s .  
- Energy d i s t r i b u t i o n  and load  d i s t r i b u t i o n  f o r  t h e  i n d i v i d u a l  
power u n i t s  i n  each  p e r i o d  and i n  e a c h  y e a r  of  t h e  p l a n n i n g  
p e r i o d .  
- D i s t r i b u t i o n  of  i n s t a l l e d  e n e r g y  c a p a c i t y  and ene rgy  g e n e r a t i o n  
by t y p e  of  power p l a n t .  
- U t i l i z a t i o n  o f  t h e  c a p a c i t y  i n s t a l l e d .  
- Minimum c o s t  s equence  of t h e  i n s t a l l a t i o n  o f  new power u n i t s  and 
t h e  r e s u l t i n g  o v e r a l l  c o s t s .  
The model h a s  been  used f o r  i n v e s t i g a t i o n s  i n t o  t h e  medium-term 
e x t e n s i o n  of t h e  power sys t em of Nord rhe in -Wes t f a l en  (FRG). I n  
a d d i t i o n  t o  a  f u l l  o p t i m i z a t i o n  run  t o  s equence  a l l  new u n i t s ,  t h e  
u s e r  may p r e s p e c i f y  some o r  a l l  oE t h e  i n s t a l l a t i o n  sequence .  The 
s t e p w i s e  c a p a c i t y  i n c r e a s e  i n  p r i n c i p l e  a l l o w s  c o n s i d e r a t i o n  of  
q u e s t i o n s  o f  l o c a t i o n  and t r a n s m i s s i o n  s y s t e m  e x p a n s i o n .  A t  
p r e s e n t ,  s t u d i e s  a r e  u n d e r  way t o  i n c o r p o r a t e  t h e s e  a s p e c t s .  
Summary n o t  reviewed by t h e  a u t h o r  of  t h e  model. 
F.R.G. 
The Model I W. Meier and A. Voss , 1972(22) ,  Kernforschungsanlage d l i c h .  
I I RESTRAPRO, Reac to r  S t r a t e g y  Program. I 
System ' The o b j e c t i v e  f u n c t i o n  f o r  t h e  o p t i m u m e x t e n s i o n o f  t h e  power sys tem 
Descr ibed 1 i s  t h e  m i n i m i z a t i o n  of  t h e  t o t a l  sys tem c o s t s .  I t  i s  assumed t h a t  
S u b j e c t  
and Goal 
f o r  t h e  p e r i o d  cons ide red  t h e  t o t a l  annual  o u t p u t  of t h e  e l e c t r i c  
supp ly  g r i d  i s  known. The load demands a r e  d e s c r i b e d  by a  p r e s e t  
annua l  d u r a t i o n  curve  which f o r  t h e  purpose  of l i n e a r i z i n g  t h e  
o p t i m i z a t i o n  problem i s  subd iv ided  i n t o  c o n s t a n t  load  a r e a s .  
O p t i m i z a t i o n  t a k e s  i n t o  accoun t  s i d e  e f f e c t s  such a s  t h e  c o n d i t i o n  
t h a t  a  power p l a n t  i s  removed from t h e  r e a c t o r  sys tem o n l y  a f t e r  
t h e  end o f  i t s  l i f e  span ,  o r  t h a t  t h e  amount of  f i s s i l e  m a t e r i a l  
s u p p l i e d  by b r e e d e r s  i s  f i n i t e .  The model c o n s i s t s  of a  f i r s t  
p a r t ,  mainly  t h e  c o s t  program f o r  e s t a b l i s h i n g  e l e c t r i c i t y  
p r o d u c t i o n  c o s t s  dependent  on load  and t ime ,  and a  second p a r t ,  t h e  
o p t i m i z a t i o n  program. 
The model i s  meant t o  a i d  decis ion-makers  i n  p l a n n i n g  a  long-term 
e x t e n s i o n  of e l e c t r i c i t y  supp ly .  I t  d e t e r m i n e s  t h e  optimum 
c a p a c i t y  d i s t r i b u ~ i o n  o r  d i f f e r e n t  t y p e s  of power p l a n t s  i n  a  power 
sys tem,  t a k i n g  i n t o  account  changes of load and o t h e r  r e s t r i c t i o n s .  
The t ime h o r i z o n  i s  n o t  f i x e d .  The model i s  b e t t e r  s u i t e d  f o r  
long-term i n v e s t i g a t i o n s .  




- A c t u a l i z e d  c o s t s  of t h e  r e f e r e n c e  sys tem f o r  each s t e p  i n  
t ime of t h e  i n v e s t i g a t i o n  pe r iod :  
- E l e c t r i c i t y  c o s t s  
- I n s t a l l e d  c a p a c i t y  and expansion r a t e  of each  type  of power p l a n t  
- Energy p r o d u c t i o n  o f  e a c h  t y p e  of  power p l a n t  of t h e  o v e r a l l  
sys tem 
- Uranium and thor ium consumption 
- Amounts of f i s s i l e  m a t e r i a l  produced 
- Demand f o r  s e p a r a t i v e  work. 
Time 
Space 
For o p t i m i z a t i o n  a  l i n e a r  prograrmning s t a t e m e n t  i s  fo rmula ted  and 
s o l v e d  by t h e  s implex  method. 130th :I s h o r t - t e r m  ( s t e p w i s e  i n  t ime)  
and an i n t e g r a l  o p t i m i z a t i o n  over  t h e  e n t i r e  p e r i o d  of  i n v e s t i g a t i o n  
i n v e s t i g a t i o n  a r e  p o s s i b l e .  
Input Data - S p e c i f i c  c o s t  d a t a  of i n d i v i d ~ l n l  t y p e s  o f  power p l a n t ;  i n  t h e  
c a s e  o f  n u c l e a r  r c a c t o r s  a l s o  fue l  cha rge  and d i s c h a r g e  v e c t o r s .  
- General  budge ta ry  d a t a  ( i n t e r e s t  and t a x  r a t e s ,  d e p r e c i a t i o n  
p e r i o d ,  e t c . )  . 
- Annual d u r a t i o n  curve .  
- F o r e c a s t  b o t t l e n e c k  c a p a c i t y .  
Summary n o t  reviewed by t h e  a u t h o r s  of  t h e  model. 
O b s e r v a t i o n s  The expans ion  of  power p l a n t s  is  typewise  and n o t  b lockwise .  The 
i n t e r a c t i o n s  between r e a c t o r  expansion and g r i d  e x t e n s i o n  a r e  n o t  
c o n s i d e r e d ,  n o r  i s  t h e  impact  on t h e  environment .  
F.R.G. 
The Model I G ,  N e u r i n ,  1 9 7 2 ( ~ ~ ) ,  T e c h n i s c h e  Hochschu le ,  Aachen. 
and  Coal  
Long-Kange Expans ion  of a  Power System. 
T h i s  model  i s  meant  t o  s u p p o r t  d e c i s i o n - m a k e r s  i n  t h e  optimum 
p l a n n i n g  of  a  l ong - r ange  e x p a n s i o n  and o p e r a t i o n  of  a  power s y s t e m  
i n  a  c l o s e d  economic  r e g i o n .  Fo r  a  p l a n n i n g  p e r i o d  of  s e v e r a l  
d e c a d e s ,  t h e  c a s h  v a l u e  o f  i n t e g r a l  e l e c t r i c i t y  p r o d u c t i o n  c o s t s  
a s  3 f u n c t i o n  of  t h e  d i s t r i b u t i o n  o f  c a p a c i t y  e x p a n s i o n  and e n e r g y  
p r o d u c t i o n  of  s e v e r a l  power p l a n t  t y p e s  was e s t a b l i s h e d .  
System 
D e s c r i b e d  
1 1 ( t h e  s t o r a g e  c a p a c i t y  o f  t h e  computer .  1 
The model d e s c r i b e s  t h e  e l e c t r i c i t y  s u p p l y  of a  c l o s e d  economic 
r e g i o n ,  n o t  t a k i n g  i n t o  a c c o u n t  t h e  s u p p l y  g r i d .  The cos t -opt imum 
s u p p l y  o f  e l e c t r i c i t y  i s  d e t e r m i n e d  on t h e  b a s i s  of t h e  e x i s t i n g  
power p l a n t  s y s t e m ,  a  f o r e c a s t  of f u t u r e  e l e c t r i c i t y  demand, and a. 
f o r e c a s t  of c h a n g e s  i n  l o a d  d i s t r i b u t i o n .  The f o u r  power p l a n t  
t y p e s  d i s c u s s e d  a r e :  
- T r a d i t i o n a l  t h e r m a l  r e a c t o r s  
- N u c l e a r  power r e a c t o r s  
- H y d r o - e l e c t r i c  power p l a n t s  ( n a t u r a l  i n f l o w )  
- Pumped-s torage  p l a n t s .  
Fo r  c o n s i d e r a t i o n  o f  l o a d  d i s t r i b u t i o n ,  d i a g r a m s  of  a n n u a l  
e l e c t r i c i t y  p r o d u c t i o n  a r e  used which  a r e  b a s e d  on t y p i c a l  d a i l y  
p r o d u c t i o n  c u r v e s .  The p rob lems  o f  r e a c t o r  shut-down, r e s e r v e  
c a p a c i t y  and power p l a n t  o u t p u t  a r e  a l s o  d i s c u s s e d .  
I I Time 
Summary n o t  rev iewed by t h e  a u t h o r s  of Lhe model .  
The model  i s  a p p l i c a b l e  t o  any  d e s i r e d  p e r i o d  of  i n v e s t i g a t i o n  o f  
s e v e r a l  d e c a d e s ,  whose u p p e r  r a n g e  i n  p r i n c i p l e  i s  l i m i t e d  o n l y  by  , 
I n  p r i n c i p l e  t h e  model i s  a p p l i c a b l e  t o  any c l o s e d  economic  r e g i o n .  
To s o l v e  t h e  m i n i m i z t ~ t i o n  p rob lem,  ~ l i c  model u s e s  a  method o f  non- 
l i uc l a r  o p ~  i m i z , ~ t  i o ~ l  i n  wl~ic l l  ~ l l c s  ~ n i n i n i i z ; ~ ~  ion  problem t h a t  is no t  
t u l  l y  convex i s  solvcsd I3y mcans o r  i t e r a t i o r l .  
- Data  on t h e  s t r u c t u r e  of t h e  power p l a n t  a t  t h e  b e g i n n i n g  o f  t h e  
p l a n n i n g  p e r i o d .  I 
- F o r e c a s t  o f  t h e  deve lopmen t  o f  a n n u a l  e l e c t r i c i t y  consumpt ion .  
- P r e s e t  a n n u a l  p r o d u c t i o n  d i a g r a m s .  
- Economic and t e c h n o l o g i c a l  c h a r a c t e r i s t i c s  o f  i n d i v i d u a l  p l a n t  
t y p e s .  
- G e n e r a l  economic d a t a  such  a s  i n t e r e s t  r a t e ,  t a x ,  d e p r e c i a t i o n  
p e r i o d .  
- 'rime c l i s t r i b u t  i on  o i  c a p a c i t y  and o f  t h e  e n e r g y  p r o d u c t i o n  ot- I 
i n d i v i d u a l  power p l a n t  t y p e s .  
- O v e r a l l  c o s t s  w i t h i n  t h e  p l a n n i n g  p e r i o d .  
S p a r e  
'Modc.1 1  i n g  
'I'c.ct~n iq11c.s 




Outpu t  Data  
I - Annual  and c u m u l a t i v e  demand f o r  n a t u r a l  u r an ium and o t h e r  f u e l s .  
O h s c ~ r v a t i o n s  
- Demand f o r  s e p a r a t i v e  work and f o r  r e p r o c e s s i n g .  
- Amounts of f i s s i l e  m a t e r i a l  p roduced .  
Power s y s t e m  e x p a n s i o n  c a l c u l a t i o n s  f o r  t h e  F.R.G. have  been  made 
by u s i n g  t h i s  model;  t h e  p l a n n i n g  p e r i o d  a l t o g e t h e r  was 30  y e a r s ,  
e a c h  s t a g e  c o v e r i n g  f i v e  y e a r s .  The e x p a n s i o n  o f  t h e  e l e c t r i c i t y  
t r a n s m i s s i o n  and d i s t r i b u t i o n  g r i d  and e n v i r o n m e n t a l  a s p e c t s  were  
n o t  c o n s i d e r e d  . 
F.R.G. 
The Model H .  T r o s c h e r ,  1 9 7 3 ( * ~ ) ,  
Es sen .  
I E l e c t r i c i t y  U t i l i t y  Model .  I 
a im was t o  d e v e l o p  a model s y s t e m  f o r  t h e  e x p a n s i o n  p l a n n i n g  o f  
and Goal a n  e l e c t r i c a l  s u p p l y  f a c i l i t y ,  o f  u s e  f o r  t h e  i n t e g r a t e d  p l a n n i n g  of 
e l e c t r i c i t y  g e n e r a t i o n ,  t r a n s m i s s i o n  s y s t e m  e x p a n s i o n  and f i n a n c i n g .  
I 
( ~ i m e  I A p l a n n i n g  h o r i z o n  which  e x t e n d s  t o  t h e  n e x t  20 y e a r s .  1 
System 
l )c>scr ibed  I 
The e x p a n s i o n  p l a n n i n g  o f  a n  e l e c t r i c a l  s u p p l y  f a c i l i t y  i s  
d e s c r i b e d  by f i v e  sub-models  f o r :  
- F o r e c a s t s  of demand and e a r n i n g s  
- P l a n n i n g  of  g e n e r a t i o n  e x p a n s i o n  
- P l a n n i n g  of  power s t a t i o n  s c h e d u l i n g  
- P l a n n i n g  of  t r a n s m i s s i o n  s y s t e m  e x p a n s i o n  
- l J r o f i t  and l o s s  a c c o u n t i n g ,  b a l a n c e  s h e e t  p r e p a r a t i o n  and 
f i n a n c i a l  p l a n n i n g .  
With t h e  model  s y s t e m  i t  i s  p o s s i b l e  t o  s i m u l a t e  t h e  e f f e c t  o f  
i n t e r d e p e n d e n c e  and t o  u s e  a n  i t e r a t i v e  s o l u t i o n  p r o c e s s  
( s i m u l t a n e o u s  d e t e r m i n a t i o n  i s  n o t  p o s s i b l e )  t o  f i n d  quas i -opt imum 
s o l u t i o n s  f o r  g e n e r a t i n g  e x p a n s i o n ,  t r a n s m i s s i o n  s y s t e m  e x p a n s i o n  
and f i n a n c i n g  . 
ode  L 1 i n g  
T e c h n i q u e s  . 
P r e a  
~ 
Output  Da ta  
'l'tle marke t  model c a l c u l a t e s  t h e  medium- and long - t e rm f o r e c a s t  o f  
e n e r g y  demand, l o a d  demand, l o a d  c h a r a c t e r i s t i c s  and r e c e i p t s  f r o m  
e n e r g y  s a l e s  by u s i n g  r e g r e s s i o n  and c o r r e l a t i o n  a n a l y s i s  me thods .  
A dynamic  programming method i s  used  t o  d e t e r m i n e  t h e  e x p a n s i o n  
s e q u e n c e  f o r  t h e  g e n e r a t i o n  u n i t s ,  t a k i n g  i n t o  a c c o u n t  t h e  l oad  and 
o p e r a t i n g  c l ~ a r a c t e r i s t i c s  and r e l i a b i l i t y  c r i t e r i a  f o r  e n e r g y  
p r o d u c t i o n .  T r i a  L and e r r o r  methods  of s u b - o p t i m i z a t i o n  and 
s i m u l a t i o n  a r e  u sed  f o r  s y s t e m  e x p a n s i o n  p l a n n i n g .  A d e t e r m i n i s t i c  
s i m u l a t i o n  method i s  u s e d  i n  t h e  f i n a n c e  model  t o  s i m u l a t e  t h e  
r u l e s  d e s c r i b i n g  t h e  f i n a n c i a l  b e h a v i o r  of  t h e  e l e c t r i c  u t i l i t y .  
Space  
The main i n p u t  d a t a  a r e :  
- P a s t  d a t a  of e n e r g y  demand, l o a d  demand and l o a d  c h a r a c t e r i s t i c s  
and t h e i r  i n d i c a t o r s ,  such  a s  GNP, p r i c e s  of compe t ing  e n e r g y  
s o u r c e s ,  t e m p e r a t u r e  p a t t e r n s ,  e t c .  
- T e c h n i c a l  and c o s t  d a t a  o f  t h e  d i f f e r e n t  power p l a n t s  and t h e  
g r i d  e x p a n s i o n  
- Economic d a t a ,  s u c h  a s  t a x e s ,  d e p r e c i a t i o n ,  r epaymen t  of l o a n s  
and c r e d i t s ,  i n t e r e s t  d u e  on  l o a n  c a p i t a l ,  f i x e d  a s s e t s ,  e t c .  
The model was d e v e l o p e d  f o r  t h e  a r e a  of a n  e l e c t r i c a l  s u p p l y  
f a c i l i t y  ( R h e i n i s c h - W e s t f a l i s c h e  ~ l e k t r i z i t a t s w e r k e  A G ,  E s s e n ) .  
The main  o u t p u t  d a t a  a r e :  
- Demand and e a r n i n g s  f o r e c a s t s  
- Expans ion  s t r a t e g i e s  f o r  t h e  power p l a n t  and t r a n s m i s s i o n  s y s t e m  
- F i n a n c i a l  r e q u i r e m e n t s  
- S e c u r i t y  of s u p p l y  
- On-time d e t e r m i n a t i o n  o f  r e v e n u e  and e x p e n d i t u r e  and i n f l o w  and 
o u t f l o w  of  f i n a n c i a l  r e s o u r c e s .  
Summary n o t  rev iewed by t h e  a u t h o r  of  t h e  model .  
O b s e r v a t i o n s  The model d o e s  n o t  t a k e  i n t o  a c c o u n t  e n v i r o n m e n t a l  p rob lems .  I t  
d o e s  n o t  ~ e r m i t  s i m u l t a n e o u s  d e t e r m i n a t i o n  o f  i n t e g r a t e d  p l a n s  f o r  
g e n e r a t i o n  e x p a n s i o n ,  t r a n s m i s s i o n  e x p a n s i o n  and f i n a n c i n g .  
JAPAN 





I n s t i t u t e  of Energy Economics, Tokyo, 1973 (25) 
Growth of Nuclear  Power. 
T h i s  model aims a t  e s t i m a t i n g  f u t u r e  n u c l e a r  power c a p a c i t y  i n  
t h e  n a t i o n a l  power sys tem and o p t i m i z i n g  n u c l e a r  r e a c t o r  s t r a t e -  
g i e s .  From t h e  r e s u l t s ,  t h e  c h a r a c t e r i s t i c s  of t h e  n u c l e a r  f u e l  
c y c l e  and t h e  inves tment  demanded f o r  each f u e l  c y c l e  component 
can be c a l c u l a t e d .  
The sys tem i s  d i v i d e d  i n t o  t h r e e  sub-systems: 
- c a l c u l a t i o n  of load d u r a t i o n  curve  
- o p t i m i z a t i o n  of annual  i n c r e m e n t a l  c a p a c i t y  and rep lacement  
between 6 t y p e s  of  p l a n t  (3 the rmal  and 3  n u c l e a r  power r e a c t o r )  
- c a l c u l a t i o n  of  t h e  n u c l e a r  f u e l  c y c l e .  
Time 30 y e a r s .  A r e a l  
~ Ispace 1 Japan  a s  a  whole. 
I ~ o d e l l i n g  
I 1 The load  d u r a t i o n  curve  i s  p r e s e n t e d  a s  a  complex e x p o n e n t i a l  and I 
I n p u t  Data  
t r i g o n o m e t r i c a l  f u n c t i o n .  The optimum compos i t ion  of t h e  power 
source  i s  de te rmined  by t h e  r e l a t i v e  c o m p e t i t i v e n e s s  among 3  
t y p e s  o f  the rmal  p l a n t  and 3  t y p e s  of n u c l e a r  r e a c t o r ,  minimizing 
t h e  t o t a l  g e n e r a t i n g  c o s t  of t h e  volume of power g e n e r a t e d  a t  
each s o u r c e .  In  t h e  c a s e  of t h e  power r e a c t o r ;  t h e  d i s t r i b u t i o n  
o f  the rmal  and f a s t  r e a c t o r s  i s  a f f e c t e d  by Pu-balance i n  each 
y e a r .  
Annual i n c r e m e n t a l  and replacement  c a p a c i t y  i n  each y e a r ;  c a p i t a l  
and f u e l  c o s t  of each  power s o u r c e ;  d e s i g n  pa ramete r s  of each 
r e a c t o r  t y p e .  
Summary s u p p l i e d  by t h e  a u t h o r  of t h e  model. 
011 t  ~ L I  t  l)a t a  
Observa t ions  
Co111lx)si t i o n  o l  tlle powcr s o u r c e  and i t s  accumulated capac , i ty  i n  
each y e a r ;  g e n e r a t i n g  c o s t  of each power s o u r c e  and sys tem power 
c o s t ;  amount of f u e l  a r  each s t e p  of i t s  c y c l e ,  and t h e  c o r r e -  
spond ing  inves tment .  
The main p a r a m e t e r s  n e c e s s a r y  t o  examine r e a c t o r  s t r a t e g i e s  a r e  
i n t e g r a t e d  i n  t h i s  model. The model can  be used t o  e s t i m a t e  c o s t  
c o m p e t i t i o n  among t h e  v a r i o u s  t y p e s  of power s o u r c e .  
'The Model 1- 
Sys ire111 
Dclscribed 
Plarplc Lier i la towicz,  1 9 7 4 ( 2 6 ) ,  I ~ ~ s t i t u t e  of  N u c l e a r  R e s e a r c h ,  
Swie rk  l l ea r  Otwock. 
l \Juclcar  Power Sys  Le~n Op t i ~ l l i z a t i o ~ i .  I 
-- - - - - - -- - --- 
'1'0 1 i nd  tlie v g t  ia lal  c o a l p o s i t i o u  u f  n l l ~ u l t i c u a ~ p o n e o t  n u c l e a r  p o i ~ e ~ l  
system air CI1e i n i t i a l  p e r i o d  of i t s  deve lop lnen t .  'l'he l o a d  f a c i o r  
of l > a ~ - t i c u l a r  power p l a n t  t y p e s  i s  assumed t o  b e  c o ~ l s t a i l t  i n  t l l i s  
i 1 2 ~ i ~ ) c l ;  by u l ~ i s  : l s s u l ~ ~ l ~ t i o n  t l ie Illode 1  i s  l i n e a r .  
- - -. - . . - .- - -- --- .. -- -- - - - - -.- . - . . .- 
' I l l ~  c o r a l  11uUlber slid s i z e  of iiuc l e a r  power p l a l l t s  uo b e  coll:;crucLed 
i l l  t l ~ e  l>c.rioci co i l s ide red  a r e  g i v e n  ( t o t a l  nu~nbe r  of l ~ l a ~ l u s  :- r ,  
I I L I I I I ~ ~ ~  of ~ Y I I C ' S  of ~1;11111~ ~ 0 ~ 1 s i d e r e d  = 111). E ~ c I I  of Y p l ~ ~ ~ t ~ '  lilusc 
bcc.01~1~ a  p lan i .  of all m-a1 lowed irypc ( " p l a ~ l t  iluil:be~- b a l a n c e " ) .  1 . i ~  
e .. ,\ci~aui;c. , of  p lu to l l ium betweell  t l ~ e  sys te in  aild t i l e  r e s t  of t i l e  wor ld  
i s  ;111owed. TIIUS t h e  c o ~ ~ s t r u c t i o i l  of p1utoniu ln . - fue l led  r e a c t o r  
1) la i l r s  i s  l i ~ l i i t e d  by t h e  p l u ~ o i ~ i u m  ba l a l l ce  c o n s t r a i n t s .  The ' 
l ) o s s i b i l i t y  of p l u t o n i u m  f u e l l i n g  of t h e r m a l  r e a c i o r  p l a i l t s  
p r e v i o u s l y  s t a r ~ e d  w i t h  u r a n i u ~ n  a s  f u e l  i s  a l l o w e d .  A t h e r i i ~ a l  
r e a c t o r  p l a l l i  call be  s w i t c h e d  t o  p l u t o n i u m  f u e l l i i l g  o i l ly  i f  tihe 
s p z c i  a 1  pseudo t y p e  cons  t r a i l l t s  alld t l ie  p l u t o ~ l i u i n  b a l  ante c o i l s t r a i n t  
a r e  s a t i s f i e d .  
I I - -- -. --  - . -- -- i !  I 'I'he col lsuai i t  Load f a c t o r  c o ~ i d i t i o n  c a n  be ~ ~ l e t  d u r i l i g  t h e  f i r s t  1 20-25 y e a r s  i l l  seine c o u n ~ r i e s .  
- - - - - .- .- - - - 
O p t i l i ~ i z a t  i o n  l i~odel  b a s e d  oil t l ie  brancll-and-bound t e c l l n i q u e  wi 
l i i l e a r  l ~ ~ o g r a ~ i l l n i n g  f o r  d e t e l n ~ i n a t i o n  of t h e  bounds f o r  eacl i  r a l l c l i  
and f o r  s e l e c ~ i o i l  of t l le  s e p ; i r a t  i o n  v a r i a b l e .  The o b j  e c t i v c  
f u u c t i o n  c o r ~ ~ e s p o l l d s  t o  t h e  t o t a l  e l e c t r i c i t y  g e ~ l e r a t i o r l  cosE.  
'T11rc.e k i n d s  o f  c o u s t r a i u t s  l ~ a v e  t o  be s a t i s f i e d :  p l a l ~ t  number 
b a l a n c e ,  p l u c o n i u ~ u  bal,i i ice, and p s e u d o t y p e  c o ~ l s t r a i n t s .  
h r r a  I 
- P l u t u ~ i i u l ~ l  p r o d u c r i o n  2nd consumpt ion  r a t e s  f o r  e a c h  r ~ u c l c a r  power 
l ) l ; l n ~  t y p e  c o u s i d e r e d .  
- l i l i t i a l  p l u t o n i u m  i n v e n t o r y  of  r e a c t o r  power p l a n t  s t a r t e d  wit11 
p l u t o i i i u ~ n  a s  F u e l .  
- Load f a c t o r s  f o r  eacll  of p l a n t  t y p e s .  
- I L ' L L ~ I I L > c ~  of n u c l e a r  power p l a n t s  t o  b e  c o n s t r u c t e d  i n  e a c h  y e a r  of  
Cl~c. p e r i o d  cons  iderecl . 
Space  
i I - - --. - -  .- - - - -- -. - L c o ~ l o ~ ~ ~ i c  Y e a r l y  c a l > i t a l  c o s t s  and v a r i a b l e  cosLs  f o r  e a c h  p l a n t  t y p e  cons  i d e r  cd . 
-- 
1 P l l y s i c a l  I 'Type of p l a n t  t o  b e  c o n s t r u c t e d  i n  t l ie  p e r i o d  c o n s i d e r e d ,  i n  o r d e r  I 
I 1 
- - -- 
. . Eco~lolnic pil,l electricity g c u e r a t i o ~ i  ~ o a t s  ( o p t i n ~ a l  v a l u e ) .  
- - -- - -- - - --A I ------ -- - O b s e r v a t i o n s  'I'liis 111ode1 can  be  u sed  o n l y  i f  t h e  r e q u i r e d  p l a n t  llumber f o r  c a c l ~  y e a r  c,ln b e  s p e c i f i e d  and  i f  Lhe load  f a c t o r  co i i s ta i lcy  a s s u ~ ~ i p t i o i i  i s  o b s e r v e d .  
Su1111ilary s u p p l i e d  by tile a u t l ~ o r  of t h e  illode 1. 
(27 )  In le  ? l o d e ~ ~ ~ o d k ) o r a ,  1974 , I n s t i t n t e  o f  N u c l e a r  R e s e a r c h ,  Swic rk  
I 1 Sysi  eln 01. 'Iwo-Co1nl)olic~11~ Nut l c a r  Power . I 
~ 1 ) ~ c c t  / A n a l y s i s  o f  a  I I I I C ~ L ~ ~ ~ L -  powel- s y s ~ ~ a ~  f rom t l ie  p o i l i t  of 
land Coa l  b a l a n c e  and f u e l  ~aanagea len t .  I 
1Desi.r i b e d  I slid lcls r l~reec le l -  rc,lc t o r s  (l'15R) , o r  ,11 t e r n a t i v e l y  o f  ~ l ie r iu , l l  I 
I r e a c t o r s  f u e l l e d  w i t h  u ran ium and  FgR. 1 
- - - - - - -- - -- - - - - -- 
1 - ] ~ ) c l . , ~ i ~ ~ r e s t :  i n i t i a l  p e r i o d  uf devc loy~ueoL ut tile sy~~clL--l 
I?iodc 11 i n g  
Tec l in iques  
~- - .. Pa 
On t h e  11clsis o f  t h e  p l u t o n i u m  b a l a i ~ c e  t l ic  d i v i s i o ~  o f  c a p a c i c y  
betwc.cn t l ie  r e a c t o r s  f u e l l e ~ i  w i t 1 1  uraniuln and plu110ll iu~~~1 i s  f0u11d. 
'I'lie r o u t i n e  a l l o w s  one  t o  i l l pu t  d a t a  oil t h e  lone l ing  a ~ i d  u l l l u h d i ~ ~ g  
o f  t l ~ e  f u e l  fl-on1 t h e  r e ; l c t o r s  i n  tile form of d i s c r e t e  b a ~ c h e ; :  
d i s ~ r i b u t e t l  i n  t i ruc ,  and t h u s  p e r l ~ l i t s  i n v e s t i g a t i o n  of t i l e  
i l ~ f  l u e n c e  of v a r i o u s  r e f u e l l i n g  schemes and t i m e  d e l a y s  i n  t h e  
f u c l  c y c l e  on tlie f u e l  b a l a n c e  of t h e  s y s t e u ~ ~ .  
(Out i>ut  Data 
1 
lllpu t Data 
Plly s i c a l  
O b s e r v a t i o n s  
- I \ l i~c l ea r  power dc,mand i n  s e q u e n t i a l  y e a r s  o f  t h e  p e r i o d  
tolls i d c r e d  . 
- D i  s t r i 1 1 ~ 1 t i o 1 1  iii ~ L I I L ,  01- t l ~ c ,  1 (IL, 1  10~itli111; a i ~ d  u ~ l l o a d i ~ ~ ~  bacc:l~c:;  
c l (~ r  ill;: lrc, 1 i i e  oi 1 llc 1-cac.1 o r ;  t l lc\se v a l u e s  i u r  t h e  l.'Cl< a ~ ~ d  l ' ' l ~ i <  
- Capclc i t y  i n s t ; i l l c d  i l l  resac tors  l u e l  l e d  w i t l i  urailiurn and 
l> lu ton iu l~ l .  
-- Uraniuin demand i n  s e q u e n t i a l  y e a r s  of t i le  p e r i o d  c o n s i d e r e d ,  
I r 
- l < e p r o c e s s i n g  p l a n t  c a p a c i ~ t y  r e q u i r e d .  
- -  - -- - 
i 
'Thc 111odc.l c an  b e  usccl f o r  a c c u r a t e  a n a l y s i s  of iihe dyl iamics o f  a 
t~.~cv-roinponc~l> t 11uclc;lr powc.1- s y s t c ~ n  c o ~ l t c i i n i ~ l g  f  3 s L  r e a c t o r s ,  bo t l i  
l ) l u t o n i u ~ n  and u r a n i u l i ~  f u e l l e d .  I t  a l l o w s  one t o  a s s e s s  t h e  
i11acc:uracy o f  silnl11c.r  node 1s  collunollly i n  u s e .  
~ : , i 1 1  11c ~ , ~ I I ~ I L I  Ec,d u s  i l l ; ;  ; l n o ~ l l c ~ r  L-LXI t i l i e  c 1 a l ) o r a ~ c d  by t-lie a u t l ~ o i ,  
Sununnry s u p p l i e d  by t h e  a u t h o r  of t h e  rnodel. 
1 1  r 1 1 1  , ~970('~) , I ~ l s t i t u t c  of  Nuclear  Res rn rc i l ,  I 
I l w r  I' 1 ; I I I ~  S y s t i . ~ l l  ~ i i  i i l  I r i l l  e I~~clcl Y ; ~ c t ~ r s .  I 
-. . -- - . - - -. - - - - -. - - -  - - -. - -- - - - - . -- - - -. . 
'1'0 I~iiicl L I I L ,  O ~ I L ~ I I ~ ; ~  I ~ ~ I - ~ ( ~ ~ L I I - L ,  of :I c l v v e l  u l ) i ~ ~ g  c I c c t r i c i t y  
; ; c ~ r ~ ~ r a t i ~ l ; :  sys tc5111  ci~inl~cisi~d o i  v;rr i o ~ ~ s  L y l ~ e ;  oi tllerlna l a~lcl f a s t  
ve;Ic t ~ ~ r  I I I I L ~  l e a r  I , O W L - L -  11 I ; I L I ~ S  ; I I I ~  sc~i111~' C . O I I V C ~ L ~ L ~ ~ I ~ ~ ~  powel- p l r ; l~Ls .  
.ltlc. L~ia~ l  i a c , C u r  o f  i>;ic'lr t y l ~ e  i l l  . I I ~  o l ~ t r i i ~ l ; ~ l  s y s t c , ~ ~ ~  cllanjies i l l  tl11re 
,11i(1 ~ l c ' l ) ~ ' ~ ~ c l s  or1 i t s  s l~c l r e  i i ~  L I I L ?  toi. , l l  c a p n c i L y  a t  ;I giver1 n r u l i i c ~ ~ ~  
c ~ i ~ ( l  i i : ;  1 1 t ~ : ; i t i ~ ) i l  i i ~  ~ I I L ?  I L ) ~ I L I  L I ~ I I I ~ I I I L I  C , L ~ ~ V ~ ~  
I (  , - - .  - .- - - - -- ,- :i v .+ t c3 I I I  L I I ~ ,  L L I  1 ~ 1 1  c , < ~ ~ ~ ; ~ r i  t y  ot ~ L I  ,: lee LL- i c i t y  gc:~~er-aL i11g sysLc1.11 i i ~  
. . 11 L, :; c L- i 11 L, LI 1 :.;l~bsclcjuc.rl i yea i - s  1113 L L ?  S O I ~ I ~  h ~ ) r  I Z C ) I I ,  L I I ~  S ~ S  ~ C I I I  i s  t o  b e  o p t  l r l l ; l i  
tl-olll i i l?  po i l lc  o f  view of Li~c r o t a 1  e n e r g y  p i o i l u c i r i u l l  c o s t ,  l t  i s  
~ L I L . C [ I  i c  i l l  t i i< l t  i ~ o  c : < c ~ I ; I L I ~ ~ '  11 l U E O I I  ~ U I I I  1~1eiwee11 the! L; Y S  i:c111 aild / L ~ I L ,  r c s i  1 1 i  L I I L '  L J C I L L L I  O C C I I I I - S .  l I L ~ ~ 1 c ~ c ,  illel s l l i ~ r c ?  i)f Lt~e f . & s c  1-e;c~cir 
I 1 I i .; I 1 1 I I I  i t i  I c  I I 111~' TuLkr.c 
c l ~ ) v c  L L ) ~ I I I ~ , I I ~  ell: 1 I I L ,  SJ~: ;  ~ L , I I I  i s :: i i . ~ ) ~ l ; ~ : l  y i ~ ~ r  I ~ u L , ~ I ~ , L ~ L I  b y i L : s  I l l : ; i ~ ) r y ,  
i & ~ > .  L ~ I L ?  . ~ I ; I I ~ C C L . I I  ik:; ~ ~ V L > ~ L I , I I I I L : I I L  b L ? i c i r c  L I I L ~  i ~ ~ : ; t i ~ l l ~ i i o ~ i  c ~ i :  tile 
f i  L ~i i 1 1 1 1 ~  1~ ' ; 1 r  ~ O \ G L ' I :  11 l ; I I I ~ .  'I'll,? (111i: i i l i i ~ ~ ~ t i o ~ ~  covers  the  I jcr iocl  
betwl.cn i.11:;talI i ~ ~ i o ~ i  01- i l l2  i i r s t  I I I L ~ ~ L ~ : ~ ~ :  p o \ i L 3 r  p1a11L a1~1d tile t i n ~ e  
1 o 1  '1'112 locltl 1-clcLor o f  a l  1 power p l n l ~ t  t y p e s  a l l o w e d  i:; I I ~ L  
i ) r c , s ~ , c  i l l u t  i s  CILI  i l ! i i ~ 1 i L ~ i L  v c ~ l - i ; ~ o l c  u f  K L I L >  ( ~ ! L ) t i i t ~ i z a ~ i ~ ~ L ~  prclcc:;:; f ' c ~ r  
CII? ~ i i l o l ~ c .  !lL>l-iocl inves t i~ : ,~ tc lc l  ( see  s e c t i o i ~  a b o v e )  . T t ~ u s  a f u n c r i o u  
v e p r P s c . ~ l t  illi;  t l lc  1o;icl c l c n l ; ~ i ~ J  c:tlrve i s  i n c  lucled i l l  tlle nlodc l ,  I t s  
i i l tri .~dllc.t  iu11 111altes L11c: l ~ r o l ~ l  el11 ;I  !Ion 1 i ~ l e a i -  o~ic..  
- - -- - . l.i.Tilli'i--!i8; y L , < r l - s  or. IiloI-,? i i ~ j l , < , ~ i c ~   11;; i l l ,  L I I ( >  il[!~IlL~l- i t , : [  I llclss i 1 1 i  1 i t -  ic!;" I 
: - _ L '- -- .- - - -  -. - . 
~ : ~ I o L I L ~ I  1 i l l ) ;  1 Y L ) I I  I ~ I L C < I L -  e ~ ~ ~ t i ~ i ~ i z ; ~  L i L I I I  111ode1 L ~ u ~ v L ' L L  usi11g Ll l c?  T>i\P ( L ~ I I ~ ~ I -  1 
1 
I U p t i ~ l l i : < a t i o ~ l  i:; i l o~ lc  ul~c ic l -  c o n s t ~ - : l i n t s  ot: t o t a l  c:lp;lc:ity, ~ ~ U ~ O I I ~ U L I ~  1 
1'111 L C ) I ~ ~  U I I I  ~ ) L - c ) c ~ L I ~ : c ~ ~ ( I L I  ; L I I ~  C . ~ ! I I S L I I I ~ ~ I ~ ~ O ~ ~  r a t e s  o f a si: t u f  ~ ~ ~ c l e a r  
l ) C ~ ~ d c ~ , l -  11 I ~ ~ I I I L  ~ I I L , : ;  ( I I ~ I L I I  L I I ~ , ~ I I I ~ L  I ; I I I J  I . ~ I S ~  r-eac~ L U I - j  
Lii i L i , r  I ~i I L I L ~ I I ~  11111 i ~ ~ v ~ ~ r i i o ~ - y  0 1  I < ! S L  I - L Z : I ( , ~ C I ~  p o w ~ ! r  111a1 i '~ s~  
' I ' I I L >  I I I I I ~ ~  L i.o11 I O ~ > L - O : ; L ~ I I  L ill:; t l r L ,  I L I ~ I L I  d c i i ~ : ~ ~ ~ d  c u r v e  oL L I I P  ~ ~ Y S C ~ L I ~ "  
' i ' i l c >  :;cI; o i   ill^., 1,;1;r L 011 l IIL! sysi C ~ I I I "  d ; l ~ ; ~ ,  
' S ~ I L ,  :;L, L (!f v ; ~  1 I I C \ S  c l c r ~ o ~  i l l ; ;  ~ l i c '  i111111lal ca1)ac:i t y  g r ~ n ~ t l i  of ~ 1 1 e  
S ~ S  C L > L I I  ;I.< ,I  L \ . ~ I C  I c 3 *  
~ ~ ~~ . -~ -- . .- -- 
. ~~ .~ -- ~ - 
- '1 I I ~ ,  1);.(iI)lc'i11 I I L ~ L ~ ~ ~ I I I L ~ S  \ /L~I .>J  I I ~ I - 1  i c : ~ ~  li: 1 ~ ) ~  (:J fc 'cLivc~ I -1un1e1-1~~1 ! 
s0111i i 0 1 1  i i i t \ ~  ~ I I L , I L ~ ; I ~ ~ ~ I ~ ;  I c I I ; : ~ ~ I  ~ [ I L '  l ~ v r i c ~ c l  i ~ ~ v c s ~ i ~ a ~ e c l  L I I ~  
L I I L ,  ~ r l l l ~ l l l l l ~  l l c I \ d ~ , ~  17  I L ~ l ~ ~  I I L1\ic,el 
- ' I ' i ~ t ,  (1 i . ; ( . I -L ,L L ,  ( . I I ; I  r : r ~ , i ~ ' i -  ot- ( , ; ip :~c , i  ~~y ~ I I : ; ~ ~ ; I  I I :I i  io11 ( u ~ i i t : ;  of s a y  
000, I 0001 i 3 L , ,  , : ,IN) i :i 1 1 0 l .  1 : I I : ( , I I  i1iLo : I ~ , c , ~ ) [ I I I ~ :  
~ . . . -~ ~ ---p----p..-.--pp-- 
POLAND 
u;icl:iw i . ro~ihowsl r i ,  1 9 6 9 ' ~ ' )  , Ills t i  t u t c  of N u c l e a r  R e s e a r c h ,  I Swierli  i icar  Otwock. I 
I I Power P l a l l t  SysLcln l leveloplnent  . I 
-- -- - -- -- - - -  - - -- 
Find  t h e  opti~lu,ll s t r ~ r c - t t l r e  oL ;I tlclvelopillg sysuem of i l u c l c n r  power 
l ) l a n t s  c o u ~ l ~ c ~ s c d  of  vc i r ious  t y p e s  of  tllc.rnln1 and f a s t  r e a c t o r  p l a ~ i t s .  
'rile lontl f ;.IC t o r  o f  ~i givc711 t y p e  i s  n s s ~ ~ n l e d  t o  be inc le l ,e l~dent  o f  i t s  
1)owc1r s l l a r e  ill Llle t o t a l  l)c,wcr o f  t h e  sys tc in ,  'This concl i t io l l  is 
f u l f i l l e c l  whc?ll ~ l ~ c  c a p a c i i y  of  tllc. sy s t c ln  clue:; n o t  exceed  25-30% 
of  tllc t o t a l  c a l ~ a c i t y  of t l le  e l e c t r i c i t y  ge l le i -a i i l lg  sysireln ( t l ~ e  
i l l i t r i a l  s t a g e  of  developunclnt o f  i t s  n u c l e a i  col~lponcliir),  
- - - -.  - -. -- .~ .- - 
Givc.11 t h c  Cot21 c a p a c i t y  o f  a  n u c l e a r  sy:;te~n i n  s u b s e q u e ~ i ~  y e a r s  up  
t o  some 110rizoi1, tL1e s y s t e m  i s  t o  be  o p t i m a l  f rom tile ~ j o i l ~ t  of v i c w  
of tile t o t a l  e l le rgy  1 ) r o d u c t i o n  c o s c .  I t  i s  auirar-chic i i l  t h a u  no 
e;tciinnge o f  p l ~ u t o n i l ~ t n  be twcen t h c  s y s t e ~ n  ancl t l l e  r e s i  oL t h e  C ~ o r l d  
o c c u r s .  'Tile s l l a r e  of  t h e  fasir. r e a c t o r  p lau i rs  i s  t i l u ~  l i l , l i t c d  by 
t i le  11 l u t o u i u ~ l l  b;11a11cc c c ) ~ ~ s t r a i ~ l t s .  P l u i l ~ l l i ~ l ~ ~ i  f u e l l i i l g  oT itler.1~1a1 
rc>:i,;eor l~ l cun t s  1 1 1 - c v i u ~ ~ s l y  scartc 'cl (1:; ui.aiii~lltl f u e l  l e d  oliei; is 
a l l  owed. 'l'ilc c.al)aci t y  switc-heel t ~ o  p l  u t o n i u ~ n  f u c l l  i l i ~  is l i l i l i f rcd  
by t l ie  l ~ s c ~ i d o t y p e  s l ~ a r c .  c o l l s t r a i n t s .  F a s t  r e a c t o r  plallirs a l w a y s  
relnain p lu ton iu in  f 1 1 ~ 1  l c d ,  
I I _  -_ - _ - -- -- ---- -- 
I 'Tinle I Tnc. c o n s ~ ~ l n t  lo,ld f a c ~ o r  c o n d i t i o n  c,ln b e  mei  d u r i n g  t l l e  i i r s t  I - 1 1 1 20-25 y e a r s  i n  sol~le c o u n t r i e s  1 
-p-.pp-p. ----- ~ -- 
~ p t i m i z a t i o n  ~ ~ l o d e  1 ~ I S  i n g  l i n c c ~ ~  progran~,n ing .  'lilca c r i i r e r i o i ~  ~ J S  
t o t a l  C L ~ C  rgy  l>rodtlc:t i 011 <:US il i  s i:ornlu l a  t e e 1  i i l  two v:i1-La11ts : t l i ~  
t o t a l  c o s t  t o  t l ~ c  tilnc, l lo r izor l ,  ant1  lie t o t a l  c o s t  t o  t i le  cild o f  
l i f e  of  power p l a n t s  h u i l ~  u p  t o  t h c  encl of t l l c  i i i t c r v a l  " ze ro -  
t  ilnc I i o r i z o ~ i , "  Op t i l n i z a t i o n  i s  done unde r  c o n s t r a i ~ l t s  of t o t a l  
c apac  i t y ,  p lu ton iun l  bala11ce and p s e u d o t y p e  s h a r e .  
- lJlucoiiiuin p l -oduct ion  and c.onsumption r a t e s  of a  s e t  o f  n u c l e ~ r  
power p1311t t y p e s  ( b o t h  t1lc?r111al and f a s t  r e a c t o r ) ,  
- L l ~ i t i a l  p l u t o n i u m  i n v e n t o r y  of a  s e r  of f a s t  r e a c t o r  power p1~11 t  
t y p c s .  
- 'I'llc s c t  o f  l o a d  f a c t o r s  f o r  1)ar t ic .u l a r  llower l ~ l a n t  t y p e s .  
! 3 
- lllc s e t  o f  v ; l l ue s  d e n o t i n g  t h e  a n n u a l  c a l ) a c i t y  growtl l  o f  t h e  
s y s t e m  a s  (1 wliole. 
.- - - - - - -- - -   
c a p i t c l l  c o s t s  and v a r i a b l e  c o s t s  f o r  a l l  of power p l a l i t  
t y p e s  i n  q u e s t i o n .  
Tile. va luc : ;  o f  tilt. c , a l ~ n c i t y  newly i n s t a l  l e d  ill e ach  t y p e  clf pc)oi.r 
l ~ l a i l t  i l l  subsequent y e a r s  oE t l le  i n t e r v a l  " ze ro - t ime  l ~ o r i z o n  ," 
f o r  t l l e  o p t i m a l  c a s e .  These  v a l ~ u e s  a r e  assumed t o  be c o n i ~ i u o u s l y  
v a r i a b l e .  
---- - .  1 l : ~ , o ~ ~ o ~ a i  c e n e r g y  p r o d u c t i o n  c o s t s  i n  b o t h  v a r i a r i ~ s  ( s e e  1Iodel l in; ;  
'l'ecilili ~ C I C S )  . I I 1 .- - - _  - - - 
~ b s c r m  
- - 
'l'l~c d i s c , ~ . c : ~ c  . l 1~11 . , 1c t~~r  c7i  c ' ; n l ~ . l c : i  t ~ y  i ~ l s r a l  l ; l t io i i  ( t ini  t s  oL s a y  500 ,  
L0cl p i c ,  I k i l J )  i s  ilot tillien i n t o  ~ccc11111t;  t h i s  llas bee11 shown t c ~  l lave 
l i t l r l c  i i l f  i~1c.nt.c 011 t l lc r c s u l  t s  i l l  inany c a s e s  o f  i ~ i t c r e s t ,  
I 1 ?111l ti-1'c.l- iljil CosL t . l i i i i~~niz , i t  i u ~ i  ?.lodL.l C L I I -  S w e d e n .  I 
- ~ ~ ~ ~ 
' I l l ~  i i ~ v c ~ s ~ ~ ~ i c i l ~ s  i u  L l e  pilwer sys iecn  a rc .  s c l 1 c ~ l u l c d  up L U  19 7b. ' l ~ i ~ ,  1 i t  s i  y e ; ~ , ~ -  
wi 1 I L I I C ~ I  V ~ O I - C ,  I ) ?  I9 1 7  ; i t  i s  c i s s u ~ ~ i e d  t l l ~ i ~  i l l  1  i ~ ~ v c ~ : ; t r , ~ e ~ i t : ;  ill-c, ~ , I L  ~ ~ J l ~ c c ~ c l  e a c ~ i  
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SWEDEN 
The Model E.S. Ben Salem and M .  H o j e b e r g ,  1973 (31)  , Government Committee f o r  
Energy  F o r e c a s t i n g ,  S tockholm.  
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P h y s i c a l  
E c o l o g i c a l  
Economic 
Encrgy  Supply  and Demand F o r e c a s t  . 
To i n v e s t i g a t e  t h e  s e n s i t i v i t y  of t h e  Swedish e n e r g y  s y s t e m  t o  
changes  i n  p a r a m e t e r s ,  e . g .  p r i c e  o i  o i l ,  t e c h n o l o g y  f o r  e n e r g y  
c o n v e r s i o i i .  
The model a l l o w s  s u b s t i t u t i o n  bctwc.cn d i f f e r c u t  k i n d s  o f  p r i m a r y  
e n e r g y  i n  t h e  p r o d u c t  i o n  o f  s e c o n d a r y  e n e r g y ;  be tween  e n e r g y  and 
o t l l e r  i n p u t  f a c t o r s  i n  house  h e a t i n g ;  and be tween  more o r  l e s s  
energy-consuming f i n a l  commodi t ies .  I n  add i t i o n ,  t h e  model  
e s t i m a t e s  t h e  amount o f  s e v e r a l  p o l l u t a n t s  produced  by t h e  e n e r g y  
c.3 
h a s  a  g e n e r a l  e q u i 1 i l ) r i u m  frameworlc. The s u p p l y  of 
Tlle c l e s c r i p t  i o n  o f  power s t a t i o n s ,  r e f i n e r i e s  and house -hea t  i n g  
sys teu ls  i s  b a s e d  upon e n g i n e e r i n g  d a t a ;  somewhat r e v i s e d  o f f i c i a l  
i n p u t - o u t p u t  d a t a  a r e  u t i l i z e d  f o r  t h e  r e s t  of t l ie  model .  
----- 
E m i s s i o n s  of d i f f e r e n t  k i n d s  of p o l l u t a n t s  f rom p o w e r s t a t i o n s  
d ~ l d  r e f i ~ l ~ r i e s  a r e  specified a s  l i n e a r  f u n c t i o n s  of  t h e  a c t i v i t y  
l e v e l  i n  t l le  p r o c e s s e s  i n  q u e s t i o n .  
- -- - -- -- - - ------ 
I n  Lllc p ' l r t  i a l  s o l u t i o n s ,  t h e  G u t s ,  e x c e p t  p r i m a r y  e n e r g y ,  a r c  
v a l u e d  i n  1971 p r i c e s .  I n  t l le  g e n e r a l  s o l u t i o n  a l l  p r i c e s  ( e x c e p t  
o f  e n e r g y  r e s o u r c e s )  a r e  endogenous .  To c l o s e  t h e  s y s t e m ,  d i f f e r e n t  
assunled p r i c e  p a t h s  f o r  p r i m a r y  e n e r g y  a r e  u s e d .  
model s o l v e d  f o r  a  number o f  y e a r s  w i t h  a  5 y e a r  i n t e r v a l  
e a c h  y e a r .  The model i s  n o t  s o l v e d  f o r  y e a r s  l a t e r  t h a n  
'l 'ccllniques 
, 
Tile modcl d e t e r m i n e s  Sweden ' s  f u t u r e  u s e  of ene rgy  r e s o u r c e s  s u b j e c t  
t o  t h e  p r i c e s  o f  e n e r g y  r e s o u r c e s ,  t h e  ene rgy  p o l i c y  and 
t e c l i ~ i o l o g  i c a l  change  i n  ti le e n e r g y  s u p p l y  s e c  Lor. 
s e c o n d a r y  e n e r g y  and t h e  demand f o r  ene rgy  f o r  h o u s e - h e a t i n g  a r e  
d e t e r m i n e d  by uieans of  a  l i n e a r  a c t i v i t y  model w h i l e  i n d u s t r i a l  
demand f o r  e n e r g y  i s  de te ru l incd  i n  a model s i m i l a r  t o  L e i f  
.Jol lansenl  s " M r ~ l t i - S e c t o r n l  C;rowth Mode 1  ." F i r s t  t h e  s u p p l y  and 
dcniand p a r t s  o f  t h e  s y s t e m  a r e  p a t i a l l y  s o l v e d ;  l a t e r  a  g e n e r a l  
s o l u t i o n  t o  t h e  whole model i s  i n v e s t i g a t e d .  
-- 
F l l l ~ d ~ l  d e t e r m i ~ i e s  a  p a t h  o f  e q u i l  i b r i u ~ l l  e n e r g y  p r i c e s .  1 
1lcologic:al 
- -- 
~ i i b s ~ r v a t i o ~ l s  i t  i s  p l a n ~ i c d  t o  coa ip le te  t l le  uiudel i n  sunmer 1975.  I 
A v e c t o r  u f  e m i s s i o n s  t o  t h c  e i iv i ronment  i s  a s s o c i a t e d  w i t h  
s o l u t i o n .  A l t e r n a t i v e l y  t h e  s o l u t i o n s  can  b e  c o n s t r a i n e d  by 
d i f f e r e ~ i t  e n v i r o n m e n t a l  s t a n d a r d s .  
S I I I I I I ~ I ~ ~ ~  s u p p l i e d by t h e  a u t h o r  o f  t h e  model .  
Uenrl is  A n d c r s o i i ,  1972  ( 3  2)  , I r l t e r ~ l a  L i o n a l  Bank f o r  R e c o n s t r u c t i o n  
a n d  1)cvclopi i icnt .  
Cfode 1s f o r  I ) c ~ c ~ r n i i i ~ i n g  1,e;lst-(;ost I n v e s t n i e l ~ t s  i n  E l e c t r i c i t y  S u p p l y .  
0 j ) t  i11i;l l i i l v c s  ti11c11l t  aricl c)p~ ' r , l  t  i u n  sclic'tlrlle f o r  l o n g - t c t - n ~  11 l a n n i n g  
ol 'Cur lc i s l~  e l  c!i:ti-ic:ity s u p p l y  systc 'rn.  I 
15-21 5 y e a r s .  , \ pp  l i e d  LO t l i e  ' ~ ' a i s h  s y s t e m  b e  Lweci~ 
1075  ,111d 2010 .  
-- 
L i l ~ ~ a r  11rog~-;uii1ni i g.  'Che ol,_jc.ct i v , ?  f  u i ~ c t i a n  i :; t h e  p r e s e n t  w o r t h  
~ ) i  C J ~ ~ L ; I I  and  u p c r a t  i o n  c o s t s  (if d i l ' f e r e n t  p l a n t  t y p e s .  S e v e n  
d i f  f e ~ - e l i t  cu l l s  L I - ~ ~ I ~ L S  d c a 1 w i ~ 1 1  e n e r g y  capac- i  t y  a n d  1demand 
r c : l a ~ i o ~ i s .  1Zcs11 1 Ls a r c  o l l t ~ i n e d  i l l  l u m l ~ e d  q ~ ~ a n t i  t i e s  i l l  c l l o s e n  
pL>riocls oil t h e  t in ie  I l o r i z o n .  
' T ~ I I P  o i  a v n i  l n b l e  r e s o u r c e s  f I-om wll ich p l a n t s  may be d e v e l o p e d ,  
rniixinlunl c a p a c i t y  of r e s o u r c e s ,  l o a d  f a c t o r s  of  p l a ~ l t s ,  ti-me l l o r i z o  
a ~ l d  p c ' r i o d  d e ~ u c l ~ ~ d s ,  a v a i  l a b i  1 i t y  of 13 l a u t s ,  l i ~ l e a r i z e d  l o a d  
d u r a t i o n  c , u r v e s  o f  p t , r i c ) d s ,  a 1  lowed I lydro /  thei - inal  r a t i o  of t h e  
systcn1.  
'I7lc~ ~ i r i n l l ~ e ~  o l  rt 'sorl  rccb type's ;11lc1 0 K 1)c.t- i ocls,  ; I I I ~  t l i ~  dvgrec: o f  
s t > l ~ l i i s t j ( . c l t i o ~ ~  01- Llic loati c1r11-:1 t i o ~ ~  . r ~ t - v c . ,  a r c >  l i ~ i ~ i ~ t c d  o n l y  by 
t l l c ?  s i z e  oi t l i e  ( . ~ I ~ I ~ ) L I L I ! L -  ;ava i l ; I I I  l c 3 .  
-- 
C : ~ I ( )  i t ; ~  I ~ , ( ) s t  I I C ~ I -  L I I I ~  t I ) O L ~ ~ ~ I - ,  O I ) ( ~ ~ - ~ I L  i o1>;11 t ,osCs  1)c.r L I I ~ ~ L  c>rlc!rgy, 3 1 1  
L I ; I ~ ; I  I - ( ,  I ~ , V : I I I L  I )  1 t9co11o111i (,s ( 1 1 ~  S(.:I  1 c t .  
~ l i l ~ o r i l ~ t  r ~ q r l  i rc>cI 11-L)I~I C ~ ; L ( ~ I I  type' (11. t-c'sour(.lx i ~ n d  o l ) c ? r a t i o n  s c l ~ e d u l c ~  
[ o r  c ~ c I ~  s c l e c t e t l  p e r  iocl o i  t i m e .  
-- 
T o t a l  minimized c o s t  a n d  nin~-gin; l l  c l u n n t i t i e s  f o r  some v a r i a b l e s .  
c a l l n o t  Ilea 1 1 s ~ \ c 1  fo l -  ~ ~ l o r  t--~c,l-ru p l m l ~ l i n g .  S o c i a l  aild 
p o l i t i c a l  c l cc : i s ions  may bc, r c~prc : scn tcc l  t c )  soille e x t e ~ l t  by u s i n g  
, 1 1 1 ) ~ " -  o r  l o w c r  bo~lnc l s  o n  v ; l ~ - i ; ~ b l e s .  I t  ca l l  e a s i l y  be e x t e r l d e d  
U . K .  
l ~ h e  Model I C . E .  L l i f f e  , 1973'") ,  U.K.A.L.A., R i s l e y ,  W a r r i n g t o n ,  Lancs .  I 
I I S i m u l a t i o n  of a  Nuc lea r  G e n e r a t i n g  System. 1 
- 
'i'hc model I ~ a s  been deve loped  m a i n l y  f o r  a s s e s s i n g  Lhr. economic 
b e n e f i t  o f  i l ~ t r o d u c i n g  a l t e r n a t i v e  ~ y p e s  of r ~ u c l e a r  s t a l i o n  i n t o  
t h e  llK power program a s  an a i d  i n  f o r m u l a t i n g  devc.lopment p o l i c y .  
I t  i s  p o s s i b l e  t o  r e g a r d   he v a r i a t i o n  i n  t h e  load f a c t o r  
t h r o u g h o u t  t h e  l i f e  of eac l l  s ~ a t i o n .  T h i s  a n a l y s i s  c a n  a l s o  t a k e  
i n t o  a c c o u n t  any r i s e  i n  t h e  p r i c e  of uranium o r e  and F o s s i l  f u e l ,  
and t l ie f a l l  i n  c a p i t a l  c o s t s  t h rough  r e p l i c a t i o n  and i n  
f a b r i c a t i o n  c o s t s  o f  n u c l e a r  f u e l  a s  p l a n t  t h r o u g h p u t s  i n c r e a s e .  
The model was coded f o r  t h e  computer  i n  FORTRAN; t h e  c u r r e n t  
v e r s i o n  i s  c a l l e d  DISCOUNT-G. 
The model i s  a p p l i e d  t o  a  t y p i c a l  r e p r e s e n t a t i o n  of t h e  UK 
g e n e r a t i n g  s y s t e m  i i ~ c l u d i n g  b o t h  f a s t  and the rma l  n u c l e a r  s t a t i o n s  
The n u c l e a r  power p l a n t s  a r e  s u b d i v i d e d  i n t o  v a r i o u s  t y p e s  and 
c1assc .s .  
I n s t a n t s  of t ime a r e  mearured f rom 1  t o  260 and c o r r e l a t e d  w i t h  a  
c a l e n d a r  y e a r  a s  a  b a s e  d a t e ;  each  c o r r e s p o n d s  t o  t i le  s t a r t  of a  
c a l e n d a r  y e a r ,  o r ,  i n  t h e  c a s e  of h a l f - y e a r  i n t e r v a l s ,  t o  t h e  
midd le  of a  y e a r .  
The e l e c t r i c i t y  g e n e r a t i n g  s y s t e m  o f  t h e  Uni ted  Kingdom. 
U n l i k e  a  l i n e a r  programming model t h e  DISCOUNT code r e q u i r e s  a  
p r e d i c t i o n  o f  t h e  s p l i t  be tween n u c l e a r  and f o s s i l  f u e l e d  p l a n t s  
t o  be i n c l u d e d .  By a p p l i c a t i o n s  o f  t h e  model w i t h  v a r i a t i o n  i n  t h e  
p l a n t  mix,  g u i d a n c ~ l  can  b e  o b t a i n e d  a s  t o  i t s  most f a v o r a b l e  v a l u e s  
The economic criterion i s  Lhe prt ,sc3nt worLh of t h e  e x p e n i l i t u r e  011 
t h e  sys t cm.  'Ihc. o n l y  , ~ u t o l n , l ~ i c  a d j r l s ~ n l e n ~  of Lhe mix i s  t l ~ a L  
rc>quircd  t o  bri lci~iccl l i ~  tonium s ~ l p p  l y  and demand. The s t a t i o n  
g e n e r a t i n g  c o s t s  a r e  s u b d i v i d e d  i n t o  t h e  components:  
- C o n s t r u c t i o n  c o s t s  of t h e  s t a t i o n  and o u t l a y  on i t s  i n t i a l  f u e l  
c h a r g e  
- Value of t h e  f u e l  i n  t h e  r e a c t o r  a t  t h e  t ime  of shut-down, and 
r e s i d u a l  v a l u e  a t  t h e  s t a t i o n  
- O p e r a t i n g  c o s t  
- Keplacement  c o s t  ( l o s s  i n  v a l u e  o f  t h e  f u e l  pe r  u n i t  o f  
e l e c t r i c i t y  g e n e r a t e d )  
- Value  o f  t h e  f u e l  s t o c k s  h e l d  on t h e  s t a t i o n  s i t e .  
The demand d u r a t i o n  c u r v e  i s  o b t a i n e d  by s u b d i v i d i n g  t h e  y e a r  i n t o  
e q u a l  f r a c t i o n s  o r  s e a s o n s .  
A Lot o f  i n p u t  d a t a  a r e  ne .cessary;  t h e  main  o n e s  a r e  t h e  f o l l o w i n g :  
- T o t a l  g e n e r a t i n g  c a p a c i t y ,  measured i n  te rms o f  s t a t i o n s  and 
give11 a s  a  f u n c t i o n  of t ime 
- The Conunissioning l i m i t s  ( u p p e r  o r  micimum) t o  t h e  number o f  FR 
s t a t i o n s  
- The a n n u a l  mean a v a i l a b i l i t y  of s t a t i o n s  (AGR and HTR, Magnox, 
I'R) 
- 'l'hc rnc>r-it urdtxr of p l a n t  t y p e s  
- Tiit, ; [ I I I I U ; I  1 [ I I C ; I [ ~ - ~ I J  r a  t  ioii Inore a s  a  fun(. L ion  o f  t i m e  
- Tilc, l) luti) l i ium l > r u d u c t i o n  r a t c  q u o t e d  a s  a  f u n c t i o n  of t t le 
s t i l t  i u n  i j p e r a t i n g  t ime .  
Thcs n la i~i  ou tpu t  i a t a  a r e  t h e  f o l l o w i n g :  
- I'cjLal s t a t  i u n s  i n s t a l l e d  
- Tile number p e r  t ype  of s t a t i o n  
- The c o s t s  
- The casir i l o w .  
-- 
c o d ~ ,  has  b e e n  i n  c o n t i n u o u s  u s e  i n  Lhe UK f o r  t h e  
economic a s s e s s m e n t  of p o s s i b l e  development  i n  n u c l e a r  power. 
Improvements w i l l  be made, p a r t i c u l a r l y  i n  t h e  o p t i m i z a t i o n s  of 
s t a t i o ~ i  mix. i I I 1 
Sun~mary n o t  reviewed by t h e  a u t h o r  o f  t h e  model .  
U.K.  
Summary n o t  reviewed by t h e  a u t h o r  o f  t h e  model. 
F.P. J e n k i n ,  1 9 7 3 ( ~ ~ ) ,  C e n t r a l  E l e c t r i c i t y  G e n e r a t i n g  Board,  London. 
E l e c t r i c i t y  Supply Model 
Th i s  model was developed t o  e v a l u a t e  long  r u n  g e n e r a t i o n  p l a n t  mix 
i n  an  a l l - t h e r m a l  sys tem t o  g i v e  s i m p l e  s o l u t i o n s  s u i t a b l e  a s  a  
b a s i s  f o r  a s s e s s i n g  f u t u r e  development .  I t  can be used f o r  
background p l a n n i n g  o v e r  a  c e r t a i n  t ime  p e r i o d  t o  g i v e  t h e  o p t i m a l  
p l a n t  mix. 
The model d e s c r i b e s  t h e  e l e c t r i c i t y  s u p p l y  sys tem of t h e  CEGB 
( C e n t r a l  E l e c t r i c i t y  G e n e r a t i n g  Board) i n  Grea t  B r i t a i n .  The 
planned a v a i l a b l e  e l e c t r i c i t y  g e n e r a t i o n  i s  t a k e n  a s  e q u a l  t o  t h e  
peak demand. For t h e  c a l c u l a t i o n  of  o p e r a t i n g  c o s t s  t h e  load 
d u r a t i o n  c u r v e  i n  each  y e a r  o f  t h e  background p e r i o d  i s  t aken .  
The model d e t e r m i n e s  p l a n t  i n c r e a s e  c u r v e s  of each p l a n t  t y p e  o v e r  
a  chosen background t ime.  
The p u b l i c  e l e c t r i c i t y  demand i n  England and Wales s u p p l i e d  by t h e  
CEGB. 
A c o n t i n u o u s  f u n c t i o n  model; t h e  e q u a t i o n s  of  t h e  supp ly  c u r v e s  
which minimize t h e  o b j e c t i v e  f u n c t i o n  a r e  g i v e n  by t h e  c a l c u l u s  
v a r i a t i o n .  The o b j e c t i v e  f u n c t i o n  i n c l u d e s  t h e  c a p i t a l  and 
o p e r a t i n g  c o s t s .  The i n t r o d u c t i o n  of random v a r i a b l e s  f o r  c a p i t a l  
and o p e r a t i n g  c o s t s  a l l o w s  t h e  a p p l i c a t i o n  of  p r o b a b i l i t y  t h e o r y  t o  
d e a l  w i t h  t h e  problem of u n c e r t a i n t y .  
The a n n u i t y  c h a r g e s  of e f f e c t i v e  c a p i t a l  c o s t  ( c a p i t a l  c o s t  of 
i n s t a l l e d  p l a n t  d i v i d e d  by a v a i l a b i l i t y  a t  peak) and t h e  i n c r e a s e  
i n  p l a n t  d e t e r m i n e  t h e  c a p i t a l  c o s t  of t h e  o b j e c t i v e  f u n c t i o n .  
The t o t a l  o p e r a t i n g  c o s t  f u n c t i o n  i s  de te rmined  by t h e  load 
d u r a t i o n  curve  and t h e  o p e r a t i n g  c o s t  p e r  KW. F o r . t h e  boundary 
c o n d i t i o n s  of t h e  problem, t h e  o p t i m a l i t y  e q u a t i o n s  a r e  e i t h e r  i n  
Du Bois Reymond's e q u a t i o n  o r ,  i f  d i f f e r e n t i a l  w i t h  r e s p e c t  t o  t h e  
t ime ,  i n  E u l e r ' s  e q u a t i o n .  The boundary c o n d i t i o n s  a r e :  t h e  
supp ly  of each  p l a n t  i s  f i x e d  a t  t = 0  and t h e  o b j e c t i v e  f u n c t i o n  
i s  0  a t  t = T  (T: end of background p e r i o d ) .  
- D e t e r m i n i s t i c  o r  p r o b a b i l i s t i c  v a l u e s  of c o s t s .  
- Load d u r a t i o n  curve .  
- Peak demand curve .  
The i n c r e a s i n g  c a p a c i t y  c u r v e  f o r  each p l a n t .  
Th i s  model g i v e s  o n l y  a  s i m p l e  s o l u t i o n  s u i t a b l e  f o r  u s e  a s  a  b a s i s  
f o r  a s s e s s i n g  f u t u r e  development of t h e  power g e n e r a t i n g  system. 
The Model 







Model l ing 
Techniques  
I n p u t  Da ta  
Output Data 
Observa t ions  
U.S.A. 
Summary n o t  reviewed by t h e  a u t h o r s  of  t h e  model. 
H. Houthakker and M .  Kennedy, 1 9 7 4 ( ~ ~ ) ,  Harvard U n i v e r s i t y ,  
Cambridge, Mass. 
Energy Demand a s  a  Func t ion  of P r i c e .  
E s t i m a t i n g  t h e  demand f o r  c e r t a i n  energy s o u r c e s  a s  a  f u n c t i o n  of  
income, p r i c e  and p a s t  q u a n t i t i e s  of demand. T h i s  model t r i e s  t o  
f i n d  a n  a d e q u a t e  a n a l y s i s  o f  t h e  response  of consumers t o  p r i c e .  
Th i s  dynamic f low-adjus tment  model could  be  a p p l i e d  t o  d i f f e r e n t  
c r o s s - s e c t i o n s  of s t a t e s  over  d i f f e r e n t  t ime  i n t e r v a l s  and f o r  
d i f f e r e n t  k i n d s  of f u e l s .  Up t o  now, t h e  model has  been  a p p l i e d  
t o  t h e  U.S. and OECD c o u n t r i e s  f o r  e l e c t r i c i t y  and d i f f e r e n t  k i n d s  
of d i s t i l l a t e  f u e l  o i l .  
For middle- and s h o r t - t e r m  f o r e c a s t i n g  (7 - 10  y e a r s ) .  
For o n l y  one kind of f u e l  i n  one c o u n t r y .  
M u l t i p l e  l i n e a r  r e g r e s s i o n .  A t  each t ime  t h e  l o g a r i t h m  of t h e  
q u a n t i t i e s  of demand a p p e a r s  a s  a  l i n e a r  f u n c t i o n  of t h e  l o g a r i t h m s  
of income, p r i c e  and q u a n t i t i e s  of consumption i n  t h e  p r e c e d i n g  
p e r i o d  . 
T h i s  r e s u l t  comes f rom two assumpt ions:  
- I n  t h e  long r u n ,  t h e  d e s i r e d  l e v e l  of  t h e  demand f o r  one y e a r  i s  
a  l o g - l i n e a r  f u n c t i o n  of income and p r i c e .  
- The a c t u a l  r e l a t i v e  growth of t h e  demand i s  a  l i n e a r  f u n c t i o n  of 
two f a c t o r s :  t h e  r e l a t i v e  growth of t h e  d e s i r e d  demand and t h e  
r e l a t i v e  growth of consumption i n  t h e  p r e c e d i n g  p e r i o d .  
E l i m i n a t i o n  of  t h e  d e s i r e d  demand from t h e  two e q u a t i o n s  g e n e r a t e s  
t h e  e q u a t i o n  r e p r e s e n t i n g  t h e  r e a l  demand a s  a  f u n c t i o n  of p r i c e ,  
income and p a s t  t r e n d .  
For  each  c o u n t r y  and each kind of f u e l  s t u d i e d ,  p a s t  d a t a  t r e n d s  
(on approx imate ly  t e n  y e a r s )  a r e  needed,  namely: 
- The volume of  consumption 
- The p r i c e s  of t h e  f u e l s  s t u d i e d  ( a t  a  c o n s t a n t  p r i c e ,  i . e .  
d e f l a t e d  p r i c e )  
- The income of t h e  consumers ( a t  a  c o n s t a n t  p r i c e ) .  
The main o u t p u t  d a t a  a r e :  
- The s h o r t -  and long-run p r i c e  e l a s t i c i t y  
- The s h o r t -  and long-run income e l a s t i c i t y .  
The c o e f f i c i e n t s  of c o r r e l a t i o n  from t h e  d i f f e r e n t  r e g r e s s i o n s  a r e  
v e r y  good. 
T h i s  model h a s  a l s o  been developed by t h e  a u t h o r s  a  sub-model 
of t h e  world o i l  market  ( c f  . p. 46). 
The Model 









I n p u t  Data 
Output Data 
O b s e r v a t i o n s  
U.S.A. 
I I P o l i c i e s  f o r  D e ~ l i n g  wi th  t h e  Natura l  Gas S h ~ r t a g e .  I 
The Model 
- - .- - - -- 
Subjec t  demand f o r  gas grows a s  expected dur ing  t h e  1970's  acd i f  c e i l i n g  p r i c e s  
and Goal remain a s  low a s  over t h e  p a s t  decade, t h e  s h o r t a g e  i n  n a t u r a l  gas  ploiluctioil  
could grow s i g a i f i c a n t l y .  This  paper exami~ies  t h e  e f f e c t s  of e i : i s t ing  and . 
a l t e r n a t i v e  r e g u l a t o r y  p o l i c i e s  f o r  gas  r e s e r v e s ,  p roduc t ion  supply,  p roduc t ion  
demand, and p r i c e s  over  t h e  remainder of  t h i s  decade. 
P.W. Machvoy and K.S. Pyndick, 1973(36) ,  Massachuset ts  I n s t i t u t e  of Tucimology, I 
Cambridge, Mass. I 
System 
Described 
The model t r e a t s  s imul taneous ly :  
- The f i e l d  markets  f o r  r e s e r v e s :  gas  p r ~ d u c e r s  guaran tee ing  d e l i v e r y  of new 
. . 
Keserves t o  p i p e l i n e  companies a t  t h e  wellhead p r i c e  
- The wllolesale narlcets f o r  product ion:  companies s e l l i ~ - i g  g a s  t o  
r e t a i l  u t i l i t i e s  and i n d u s t r i a l  consumers. 
In  surveying t h e  i n t e r a c t i o n  of t h e s e  two s e t s  of marke ts ,  t h e i r  Lciiavicr h a s  
been cons idered  i n  t h e  r a t h e r  complex case  when t h e r e  i s  c o n s i d e r z b l c  excess  
demand f o r  p roduc t ion .  
I 
Mode 11 ing  
Techniques 
The node l  c o n s i s t s  of a  s e t  of almost a l l  s imultaneous l i n e a r  e c o ~ ~ o n e t r i c  
r e l a t i o n s h i p s  among s e v e r a l  po l icy- re la ted  v a r i a b l e s .  For t h e  v a r i o u s  f i e l d  and 
wholesale  markets ,  endogenous and exogenous v a r i a b l e s  a r e  considered. 
F i e l d  r e s e r v e  and produc t ion  equa t ions  a r e  es t imated  f o r  t h e  supply r e z i o n a .  
Wholesale demand e q u a t i o n s  a r e  es t imated  f o r  each of 5  p a r t s  of tile ccjuntry. 
The ~ o d e l  i s  then  used t o  e v a l u a t e  3 p o l i c y  a l t e r n a t i v e s .  
A s i ~ - u l a t i o n  of t h e  model has  been performed over  flle per iod  1965 - 1971. 




- Popula t ion  l e v e l  
- Investment c a p i t a l  
- Value added i n  manufacturing 
. . 
- l iho lesa le  p r i c e  of a l t e r n a t i v e  f u e l s  f o r  r e s i d e n t i a l ,  corrcnercial a1.J 
i n d u s t r i a l  use 
Output Data 
F i e l d  market 
-- 
- Wellhead p r i c e  of o i l  and gas 
- Average p r i c e  of f u e l  paid by e l e c t r i c  power companies 
- Average d r i l l i n g  c o s t s  f o r  o i l  and gas t o g e t h e r  
- Dis tance  from the  c e n t e r  of a  producing r e g i o n  t o  t h e  c e n t e r  of f h c  
coi~sumption reg ion  
- Volumetric c a p a c i t y  of p i p e l i n e s  
- Dummy v a r i a b l e s  f o r  some reg ions .  
F i e l d  market 
- 
- Non-associated and ( o i l )  a s s o c i a t e d  d i s c o v e r i e s  of gas  r e s e r v e s  
- E x ~ e n s i o n s  a ~ l d  r e v i s i o n s  of r e s e r v e s  
- \ Je l l  d r i l l i n g  
Wholesale market  
-- 
- Denaild f o r  p roduc t ion  of gas  and wholesale  p r i c e s  f o r  3 wliolesale Lclivei-y 
s e c t o r s :  main l ine  i n d u s t r i a l  s a l e s ;  s a l e s  f o r  r e s a l e ,  e i t h e r  f o r  i ~ ~ d u s t r i a l  G i  
f o r  r e s i d e n t i a l  aad commercial use .  
- Supply of p roduc t ion  and new c o n t r a c t  f i e l d  p r i c e  
- Simulated p o l i c y  a l t e r n a t i v e s  
1) b e r e g u l a ~ i o n  of wellliead p r i c e s  of new r e s e r v e s  of n a i u r a l  t a s  
2 )  SLi-ice " c o s ~  of s e r v i c e "  r e g u l a t i o a  of new c o n t r a c t  p r i c e s  
I I 3 )  I l a in tena i~ce  of the  r e g u l a t o r y  s t a t u s  quo which a l lows  on ly  a c e r t a i n  1 p i i c e  i n c r e a s e  on new c o n t r a c t s .  I 
- - 
deem t h e  f i r s t  and t h i r d  a l t e r n a t i v e s  p r e f e r a b l e  t o  s L r i c t  "cos t  ~f 
s e r v i c e "  r e g u l a t i o n .  I 
Summary no t  reviewed by the  a u t h o r s  of t h e  model. 
U.S.A. 
The Model U n i v r r s i t y ,  i : a n ~ b r i d g r ,  Elass. 
- -- -- . -  - . - . - - -  - - 
S u b j e c t  'Tliis model a i r . 1 ~  a t  s e l r c t i r ~ g  an  opticr.i l  mix of e l ~ c ~ r i c i ~ y  ~ e r r e r a t i ~ . g  plc . iLs ,  
and Goal f o c u s i n g  on L11e problem of u n c e r t ~ i i n t y  i n  t h e  a v a i l a b i l i ~ y  d ~ ~ e  0; L r c c i d ;  r . i i ~ l c a r  
rL3. lc tcrs .  Scc juvn t i a l  1 7 r o b a b i : i s t i c  l i n e a r  prr~graminilig i s  u s e d .  I l l i s  r;.;i.cs i~ , 
~ ) o s s i b l e  t o  o p t i m i z e  ~ h r  mix of f o s s i l ,  nuc l ea l -  and peak ing  p l a n L s  L O  bc i r , ; ~ o l i t . d  
d u i - i ~ ~ g  tile 1 9 8 0 ' s  - . ~ s suming  Chat b r e e d e r  techl io logy becoines a v n i l a b l e  ai sc,..? 
randonily d i , t e r m i i ~ e d  1 ,a ter  d a t e .  The model a l l o w s  f o r  t i le e f f e c L s  of exiiadsLir,g 
o u r  r r s c r v e s  < I F  u ~ - a ~ l i l , m  o r e .  
-- - -. -- -. -- - --- -  
System Tlie mirJc.1 d c s c r i h c s  t h e  glob, l l  t z l e c t r i c  i t y  sys t em n t o  dc,iiaud or.J sir{ ,? ly .  l l i z  
D c s c r  ibed ~ii~,l: iri~l i s  cons idL , r cd  c * i ~ h e r  i ndcpe i idc~n t ly  o f  Lnc p r i c e  ( a s in ] :  c s~ i r . ; aLcs  b i  ,I 
~ l c ~ c e l c r a t i n g  g rowth  r a t e )  o r  a s  a  n o n l i n e a r  i u n c t i o i i  of t h e  p r i c e .  1.~1 Lliz l a ~ t c c  Ic a s e ,  t b c r e  i s  . I  1  i v e - s t e p  p i e c e w i s e  l i n e a r  app rox in~a t iu : i .  
Ilic r c i a t i o n  b e t w ~ ~ n  den;anJ and tile n e c e s s a r y  c a p a c i t y  i s  d c s c r i b c d  Ly r: l o c J -  
d u b - a ~ i o n  c u r v e  d i v i d e d  i l i ~ o  Lhrec  b l o c k s :  base - load ,  i n ~ c n ~ i c d i a t e  ;n<l &ell;.-ic;..l. 
Some a s s c s s m c n t s  on t h e  e v u l u c i o n  of f u e l  p r i c c s  a r e  made. The f o s s i l  i ~ e l  p r i c r  
i o r e c a s t  i s  b a s e d  on ail 31 - i thme t i c  a n n u a l  g rowth  r a t e .  F o r  u ran iu , a  o r e ,  t h e  p r i c e  
dt,pends n u n l i n e r i r l y  upon t h e  c u m u l a t i v e  p r o i l u c t i o n ,  a g a i n  u s i n g  a p i e c e w i s e  l i c c n r  
app rox ima t  i on .  
1-Time From 1 9 8 5 5  y e a r  s t c p s  f o r  9  t ime  p e r i o d s .  1 1 ~ ~ ' ' ~  S p a c e  / US c l e c ~ r i r i ~ y  g c ~ l e r a ~ i r i g  sys t em a s  i whole. I I 
Modcl l  i ~ i g  
Techn iques  
- 
Inpu t  Data 
P i ~ y s  i c a l  
- - -. -- -- 
T h i s  i s  an- u s i n g  ~ e ~ u e r l l i a f i i n c a r  p ograclmirig. The o u j c c t  i v c  
f u n c t i o n  i s  Lhe m i n i m i z a t i o n  of t h e  e x p e c t e d  p r e s e n t  v a l u c  01 c o s t s .  7l1e Lrcecicr- 
; i v . ~ i l ; i b l c ~  d , i t c  i s  viewed n s  a  random v a r i a b l r  w i t h  a  subjective p r o b a b i l i t y .  I t  1:ns 
been . l s s ~ ~ m c d  Llt.~t 1 1 1 ~ ~  Ihrc~d1,r  w i l l  l~~ , romc .  nva i1 ; lb l e  c i t l r c r  i n  1995 o r  2000,  o r  r.ot a t  
; i l l  w l l l ~ i n  Ll~c l>l ; inni l ig  h o r i z o n  p e r i o d .  
I n   his c.onstr;l i trc~d o p t i m i z a t i o n  m t ~ d e l ,  t l lc minimand d e n o t e s  c x p e c t c d  discounted 
c u s l s .  NoLe Lll;~t ~ I l i s  i s  Lhe o n l y  p o i n t  in Lhe e n t i r e  t a b l e a u  where  t h e  p r o b a b i l i t i e  
wit" e x p l i c i t l y .  
I n  edcli c o ~ i s t r a i n t  e q l ~ a t i o n  and v a r i a b l e ,  t h c r c  i s  an i n d e x  d e n o t i n g  t h e  s l a t e - o f -  
wor ld :  whet l ier  t l ic f a s t  b r e e d e r  r e a c t o r  w i l l  become a  s a f e  and c o m p e t i t i v e  t ec l , no lo& 
i n  1995,  2000 o r  n e v c r .  For  each  t ime  p e r i o d  and s t a t e - o f - w o r i d ,  t h e r e  a r e  e q u a t i o n s  
f o r :  
- Tile dcm.lnd r cqu i l - cmc~l t  by b l o c k s  of t l ~ e  load  c u r v e  
- l'lle c , ~ p , ~ c i t y  of u t i l i z a t i o n  o f  e a c h  k ind  L I E  p l a n t  
- 'l'lrc .1111111~11 f u e l  r c q u i r c m e n l  f o r  each  k ind  of p l a n t  
- The camul ; i t i ve  r l l e l  r e q ~ l i r e m e n l s .  
Sup171 i e s  
--
- TIIL. ; ~ n n ~ t d I  I I ~ > L Y I S  of c.,lc\r k i d  o r  p l a n t  ( l i g h t  w a t e r  r e a c t o r ,  f a s t  b r e e d e r ,  pcak 
s t o r n i : ~ ,  .in<] 3 Lypcs of f o s s i l  ilni t s ) .  
- The p ~ > r r n r m a n c e  fnc to l - s  and modcs o r  o p e r a t i o n  o f  e a c h  p l a n t .  
- Thc l i f ~ > - t  inr~. o f  cncli pl.111L (30 y e c ~ r s ) .  1 E m i c  ~ ) ~ ~ ~ i a ~ i d ~  -- 
- The r ~ , t c r ~ . n ~ , ~ ,  pi-ic,e anJ  q u a n t i t y  of electricity. I 
- 'Sl~c. p ~ - i c t >  e l a s t i c i t y  f a c t o r  ( = - . 5 ) .  
Sui)pl i~.:: 
- The ~ l i s ~ . u r ~ n t  f ,~cLoi-  (10% pc , r  vcal-1. 
- ' Y I I L .  < < ) s t  01 ~~, i i . l r  i u ~ > l ;  tlre 1985 a v e r a g e  l o s s i l  i u r l  c o s t  i s  t a k e n  a s  ~ 1 . ~ 3 1 1 0 ~ 6 ? ~ ,  
i n ; r ~ \ . t s i u g  . i ~  L l i '  r. l tc of S .01 /10~11? '~ .  To a l l u w  Lor i i i c r c a s e s  i l l  ~~l -a r l i u in  c x ~ r a c t i  
< . a s ~ s  . IS .I i i l ~ ~ c . ~ i , ~ n  of cunnrl ,~t  i vc  p roduc t  ic,n, L l ~ e r e  21-e 5 o r e  c : : t r ac t io i i  c o s t  
c a t ~ g ~ r r i c s .  0 p t i 1 d i z a l i o t i  : ~ ~ ~ ~ o m , ~ t i ~ a l l y  eIIsures  t h a t  eacll of t h e  l o r ~ e r - c o s t  
1 -e sources  i d i l l  be t ~ x l ~ , i i ~ s t ~ ~ d  b e f o r e  Llie next  I ~ i g i r e r - c o s t  o r e  i s  u t i l i z e d .  
- 1I1e i n ~ c s t r ~ r e l i t  ~ . o s l  uf c,icli k i n J  o i  pldllL ( u r  t i ~ c  c a p i t d l  rPcovc ry  i a c t o r ) .  
- Ol)~>r . l t  irig .rnJ n l a i n ~ i . n . i n ~ . ~ ,  c u s t s .  
Ou tpu t  Data  
T11c annual  ~ - c q u i l - ~ ~ m ~ ~ ~ i t : ;  uf ~.acli  k i n J  of ioc.1 ( u r ~ ~ ~ i u ~ n  o r e  o r  r o s s i  1  f u e l )  a c c o r d i n g  
t o  cL1~.li ~ , i  t l ~ e  1 , ~ v ~ i i l . ~ h i l i L y  J,lLeb ~ 1 1  t l i ~  ~ b ~ e < , d e r ~ .  
Economic 
IObse rva t ions  F o r  each  t ime p t , r i od  and s t . i t c - u i - v t i r l d ,  t h e r e  i s  dn o p t i m a l  straLeRy-' 
unknowr~s: C . I ~ ~ C  i t y  ~ I I C  r~mt ' l i t s  o i  eac11 kitid o r  p l a n t ,  modes of o p e r a t  i o n ,  demand 
I e v ~ , l s  and ,11lnu~11 r e q u i  r e n i c n ~ s  f o r  uranium o r e .  .A1 t o g r ~ t l i e r ,  t h e r e  a r e  9 t i m e  p e r i o d s  
and 1100 v a r  i ab l c , s .  
Sumnary r ev iewed  by t h e  auchor  of r l i v  modcl.  
U.S.A.  
- 
ITbeMo d e l 
cm- W.E.  plooz, 1 9 7 3 .  , Rand C o r p o r a t i o n ,  S a n t a  Monica,  C a l i f o r n i a .  I 
1 ~ a l i f o r n i a ' s  E l e c  t r i c a l  Ellergy Demand. 
I I ____________------I_--___ - - I__ 
S u b j e c t  '11~e model [)as been  b u i l t  f o r  t l ~ t :  I i e sourccs  ii,ge!lc.y h e l p  ill 
and Goal  p r e p a r i n g  a  25 y c a r  power  s i t i n g  p l a n .  I t  c o n s i s t s  of a f o r e c a s t  
of d iSaggregn t_c~  t.1ectri.c.a 1 e n e r g y  dcmc~nd  i n  C a l i f  orllia, 
~orec-sting mcthads  used f a r  by C a l i f o r n ; . a  u t i l i t i c s ,  a r e  also 
d i s c u s s e d .  
___C___.___C__---_C_---.----l-l. _. _ ~, 
- 
S ? S  t em 'rhe fo l lo l . r i nc  c o n s u n ~ p t i o u  s P c L o r s  d e s c r i b e  L i ~ c  dcliland sysec~, , :  
I l e sc r ibed  resitlcilt icil ,  cmuiiriTrc isl ,  i ~ i d u s t r i a l ,  a g r i c u l c - u r ~ ~ l ,  g o v e r ~ l ~ n e u t a l  and 
l a i s c ? l  laL)eous .  These  s e c t o r s  a r e  s u h d i v i d t d  i:lto 5 g e o g r a p h i c a l  
a r c a s .  
__ 
-- - ---- - . -- . - -- . -- 
. -
- P 
,rime f ~ i l t .  [nodel g i v e s  m i d d l e  to l o ~ i g  r a n g e  project icrn: ; ;  i t  cc,vsrs  tile 1 1955-2000 p e r i o d .  
------___-__ 
. - 
Sulmlary riot reviewed by r h e  a u t h o r  of  t l le  nlodel.. 
i 
I 
I n p u t  Da ta  
P h y s i c a l  
- T],e p r o j e c t i o n s  oE t h e  r e s i d e n t i a l  s e c t o r  a r c  based  on tile 
c l s t i~n : l t e s  of s a t u r a t i o n  growti) c u r v e s  of  28 e l e c t r i c a l  housetlold 
a p p l i a n c e s  and on t h e  r v o l u  t i o n  of  t h e i r  e l e c t r i c a l  
c l l a r a c t c r  i s  t i c s .  
) - The p r o j e c t i o n s  of t h e  i n d u s t r i a l  s e c r o r  a r e  b a s e d  on tile concept  
o f  e n e r g y  i n t e n s i v e n e s s  (kWh P e r  $ of added v a l u e ) ,  which 
combined wi' ih  e x p e c t e d  p r i c e s  and s i z e  and s t r u c t u r e  of  tile 
i n d u s t r i a l  s e c t o r  d e t e r m i n e s  e l e c t r i c a l  demand. 
- The conmlercial  s e c t o r  i s  assunled t o  b e  d r i v e n  by p r o j e c t i o n s  of 
t h e  s l l a r c  uf  G r o s s  S e c t o r a l  Product (GSP) , t h e  
e l e c t r i c a l  e n e r g y  i n t e n s i v e n e s s  of t h e  commercial  s e c t o r  and 
ene rgy  p r i c e s .  
Eacl? submodel i r l c l u d e s  l o n g  r u n  p r i c e  e l a s t i c i t i e s  o p e r a t i n g  
t h r o u g h  l a g  c o e f f i c i e n t s .  
- P o p u l a t i o n .  
- Energy i ~ l L e n s i v e l l c s s .  
' ~ ~ c l - l n o l o g i c a l  c lange. 
- 
Economic ~ o n g  r u n  p r i c e  e l a s t i c i t i e s .  / - G r o s s  S e c t o r a l  P r o d u c t  (GS!?). 
- 
-- 
e l e c t r i c a l  e n e r g y .  
---I_---- -__I_-_.. _-__- 
_ I_ i s  planned t o  o b t a i n  a  b e t t e r  r e p r e s e n ~ a ~ ~ i o r I  
tllrcrugll d i s a g g r e g a t i o n  of  t h e  commercia l  and i n d u s t r i a l  s e c t o r s ;  
more a c c u r a t e  e 1 : i s t i c i t i e s ;  a r e s t r u c t u r i z a t i o n  o f  t h e  d a t a  
sys t ems  o f  t h e  u t i l i t i e s .  
U.S.S.R. 
N.S. Kulenow, Z . H .  Hasenov, S.C. CLlokin, 
Krzlrizlranovsky S t a t e  Resea rch  I n s t i t u t e  of E n e r g e t i c s ,  Moscow. 
I E ~ ~ e r g y  Consun~pt i o n  F o r e c a s t i n g .  I 
.- - -- 
5~11, j C.C L f o r  f o r e c ; r s t i n g  i n d u s t r i a l  e n e r g y  demand ;is a  p r e l i m i n a r y  s ~ n g e  
. I I I ~  ( ; < > ; I  I t o r  ~ l s i i i p ,  a n  c ~ p ~ i r n i z a t  ion rr~udc 1  of e n e r g y  s u p p l y .  A t c e n t i o l i  i s  drawn t o   he r e l i -  
. ~ b i  1 i ~ y  111 t l ~ e  io rc -c . a s t s ,  and i l ~ ~ p r o v e ~ r ~ e n t s  wlricli c a n  be made i n  tire cor~monly usvd 
r e g r e s s i o t r  me thods .  I 
L__--- ' 
I Sys r err] T f l l c .  i o r c r . ; ~ s  L i n g  n ~ e t l u ~ d  u s e s  ec:nnornic i r rd ic : i tors ,  i n  p a r t i c 1 1  l a r  t h e  r :~Le o f  produc- I I l l ~ . s < . ~ - i b c d  ( Lion growtl i ,  e s s c n t i : ~ l  y  i r r  t l ie e l e c t r  i c . i t y  s e c l o r .  AnoLlier rne~hcld i s  tised i o r  t h e  I 
I 1 o t h e r  1-arms of e n e r g y .  I t  i s  ; ~ s s u ~ n e d  t h a ~  t h e  power c o n s u ~ n p ~ i o ~ ~  f o r - e c ~ s t  a c t s  a l s o  I 
I 1 a s  a  c . o r ~ t r o l  v a l u e  i n  p r e d i c t i n g  i n c l u s t r i ; ~ l  vnergy r equ i l - emen t s  a s  J wtrLlie. I 
I . l . i m e l c > x i n r I 1 t e l y  5-10 y e a r s .  
- 
I ?Iclclc~l l i n g  To c a l c u l a t e  t h e  p r o s p e c t i v e  l e v e l  o f  power consumpt ion  i n  i n d u s t r y  L t h e  f o l l o w i n g  / l ' ~ . c  h n i q u e s  e x p r e s s i o n  i s  u s e d :  t '  
wlic~re K, i s  t l ~ e  index  of e l e c t r i c .  power consumpt ion pe r  u n i t  of p roduc t  i o n  and I ,  i s  
LIIL, inclc's 01' l ~ r ~ ~ ~ d u c . t  i on  g rowth .  
I'l~c* ~ . ; l l c u l ; ~ ~ i o n  i s  rrlatle f o r  s u c c . e s s i v e  > -yea r  p e l - i o d s ,  [lie W o f  Llre p r e v i o u s  pe r iod  
l , i , i l~g  t h e  i n i t i a l  l e v e l  o r  power consulnptiorr W o f  each  s u b s k q u e n t  p e r i o d .  
Un t h e  b a s i s  of a  s t a t i s t i c a l  a g g r e g a t e  o f  i n d y c e s  o f  p r o d u c t i o n  f o r  5-year  p e r i o d s  
and c o r r e s p o n d i ~ ~ g  mean i n d i c e s  o f  e l e c t r i c  power consumpt ion  p e r  u n i t  of p r o d u c t i o n  
f o r  10 i n d u s t r i a l l y  d e v e l o p e d  c o u n t r i e s ,  a  g e n e r a l i z e d  e m p i r i c a l  r e l a t i o n  h a s  been  
e s t a b l i s h e d  between K and I .  
K ( 5 ) :  i n d e x  o f  e l e c t r i c  power consumpt ion  p e r  u n i t  o f  p r o d u c t i o n  f o r  5-year  p e r i o d s .  
H(5 ) :  i n d e x  o f  t o t a l  f u e l  consumpt ion growth f o r  a  5 -yea r  p e r i o d .  
I ( 5 ) :  i n d e x  o f  p r o d u c t i o n  growth For a  5-year  p e r i o d  
(The i n f l u e n c e  o f  t e m p e r a t u r e  d i f f e r e n c e s  on  t h e  consumpt ion  c u r v e  c a n ,  t o  a 
g r e a t  v x t e n t ,  b e  c , l i n ~ i n a t e d  by t h e  u s e  o f  i n d i c e s  f o r  5 -yea r  p e r i o d s ) .  
: i n i t i a l  s l ) e c i f i c  e l c c t r i ~ .  power consumpt ion i n  i n d u s t r y  i .  
Inpu t  Da ta  
K t  : s l w c i i  ic. powcr c o n s ~ ~ n r p t i o n  i n  an  i n d u s t r y  i ,  d e p e n d i n g  o n  t h e  p r o d u c t i o n  
growth r a t e  i n  t h i s  i n d u s t l - y .  1 
S i t  : p r o s p e c t i v e  s h a r e  o t  an  i n d u s t r y  i n  t o t a l  volume o f  p r o d u c t i o n .  
The r e l a t i o n  be tween  K and I i s  a' + b / I ( 5 )  where  a  and b  a r e  p a r a m e t e r s .  
For f u e l  consumpt ion ,  a n  example o f  t h e  r e l a t i o n  i s :  H(5) = a '  + b / I ( 5 ) .  
A more g e ~ ~ e r a l  model i s  a l s o  p roposed  which t a k e s  i n t o  a c c o u n t  t h e  a c t u a l  power con- 
sumpt ion  p e r  u n i t  o f  p r o d u c t i o n  and t h e  b r a n c h  s t r u c t u r e  o f  i n d u s t r i a l  p r o d u c t i o n ,  a s  
w e l l  a s  t h e i r  p r o s p e c t i v e  changes .  Thus ,  t h e  g e n e r a l  s p e c i f i c  e l e c t r i c  power consurnp 




IObse rva t ions  I Othe r  methods have  been  used f o r  Kazakhs t an :  
! 1 - p a i r e d  c o r r e l a t i o n  between e l e c t r i c  power consumpt ion  and g r o w t h ,  and I 
1 1 be tween e l e c t r i c i t y  consumpt ion p e r  worker  and l a b o r  p r o d u c t i v i t y .  I 
I 
I 1 - olul t i p l e  c o r r e l a t i o ~ ~  w i t h  n a t i o n a l  income,  CNP, b a s i c  f u n d s ,  p o p u l a t i o n ,  l a b o r  p ro -  I 
d u c t i v i t y ,  i n d u s t r i a l  p r o d u c t i o n  p e r  c a p i t a ,  e t c .  The c o r r e l a t i o n  c o e i f  i c i e n t  o f  
some f a c t o r s  was found t o  b e  s u f f i c i e r ~ t l ~  h i g h  ( 0 . 8 ) .  At t h e  same t i m e ,  a  h i g h  
c . ~ ) r r e l a t i o n  between i n p u t  p a r a m e t e r s  p r e c l u d e s  a p p l i c a t i o l r  o f  e x i s t i n g  fo rma l  a l g o r  
i rllnls I ISCYI  Ic)r d ~ ~ v c ~ l o p i n ~ :  regression e q u a t i o n s .  S e v e r a l  methods have  been  used t o  
. I V O  id t l ~ i  s  ~ . < ~ r r t ~ l ; l ~  iorr, i 11 p ; i r t i c r ~ l a r  t h e  rncthud o f  main c,ompolrerrts. I n t r o d u c t i o l r  
? o r  1 I I I ~ I ~ I I  C O I I I ~ O I I C ~ I I ~ S  b r i n g s  about  conve rgence  o f  t h e  1,rodel w i t h  t h e  r e a l  p ro -  
c.c,ss (K  - [). 9'9). 
The grclwth r a t e s  of i r i t i u s t r i a l  cousumpt ion o f  p a r t i c u l a r  f u e l s  a r e  n o t  o n l y  cor lnected  
r z i  ti1 r a t e s  o i  p r o d u c t  i on  growtl i ,  bu t  depend on p e c u l i a r i t l i e s  of i l le power consumpt ion 
s t r u c t u r e .  
TLI a d j u s t  t l ~ e  i t i d c p ~ ' n d e n t 1 ~  o h t a i n e d  l e v c l s  o i  c l e c t t - i c  power d~rd f u e l  demand, i~ i s  
Sumnrary no t  reviewed by t l ~ e  a u t h o r  of t h e  model.  
1 .-.____-- . .. - .  . . -  - - - - - . .~ . .  . ___ .. . _ j S ~ ~ b j e c l  1 lu,r s c p r t ~ : i ; ?  !11~; ,1:  1:; .;!~- 1 1 i ~ ! i i t : d  l v i  r l l r  I ,  i s -  , i1.e .:~:-l i n c i c s t r y ,  
n :~d G o a l  s h i ~ ~ i ~ ~ g   hi.^' ; j i r pl.:!,::i!lg of [ h e  er lergy s e c t n r  s!iou!d be c a r r i e d  <,i,t. '!'he r e l a t e d  
, .  . f a < . t  . > r s  ; j r : ~ f  ;? 1 ;n : i  t h e  va r i f l l l s  h r n n c h e s  r > i  i!,e ene rgy  s e r t o ,  ansl :i:r! g tog r  aphi <:a1 
regit . ,?<. ,  i ~ n  t t i i .  :.:if., k,.and, and t h e  eriergy si,ctr!r ui';il t t l r 2  r e s t  (-,i iz:::nc,:ny .:!I t!ie 
, ~ t l . , : r ,  2 , .  !11 ;.iF i v  in(:it::~:ed. 
.--. - - -- --  .. . . - - -  . -. . . . - . - - . - -- . . . . .. .- .- - - 
.l 'i~c:;e :~!;,,.idlt. 3 i i J  used I o r  :he long tern1 ;) iannir!r  of t h e  r v o l u r i c r .  of t h e  ene rgy  
Desc r ibed  s t c t ; , ~ .  
~ 
.. -- 
I'i.?nri(irg ii, i , i \ l ? r i i l  p h i l ? ! ' ~ ,  : : a k i n ~  a s  a  hcmt i z o n  5 ,  2 0  o r  39 . e a r s .  
Tile IISSP, 3s (1 wilole 
- . -. - -. . . -- - -- - - - --. . .- 
Both nlodels a r e  o p t i ~ i z a t i o n  models  u s i n g  l i n e a r  prcigrammiug. 
Model For g e t r o l e ~ n ! :  t h e  o p t i m a l i t y  c r i t e r i o n  i s  t h e  minimum i n t e g r a l  c o s t  of c r u d e  
-- - -. - - -- - - 
o i l  e x r r a c r  i o n ,  t r a n s p c ~ r t a t i o n ,  and d i s t r i b u t i o n .  
'Ihc s tbns  ,rt:jl va: ia!:ion of demand . s  t a k e n  i n t o  a c c o u n t .  We a r e  t h u s  i.r?duced t o  in- 
v f s t i g n t e  t h e  s  i z r  of  s t o c k s  and r e s e r v e  p r o d u c t i o n  c a p a c i t y  of r e f  i - n e r i e s .  
Model f o r  ic ja l :  t i le o b j e c t i v e  f u r ~ c t i o n  i s  t h e  sum of t o t a l  c o s t s .  Tile same mode l ,  
- -- -. - . - . -. 
w i t h  t h e  poss ib !e  i n t r o d i i c t i u n  of a  number of t r a n s f o r m a t i o n s ,  h a s  two g o a l s :  
- p l a n n i n g  t h ?  p r o d u c t  ;.on of e a c h  mine ( i n c r e a s e  i n  p l . oduc t ion  c a p a c i t y )  . 
- plannir lg  o f  t h e  c o a l  i r ~ d u s t r y  a s  a  whole .  
Thc ccn r lpc t ion  between t h e  two t y p e s  of p i a n n i n g  i s  p r o v i d e d  by t h e  m a r g i n a l  c o s t s .  
The i i n k - s  wLth tiif o t l l e r  e n e r g y  b ranches  a r e  a s s u r e d  th rough  t h e  b i a s  of c o a l  de -  
nlar~d, p r i n c i p a l l y  (due t o  t h e  s u b s t i t u t i o n s  which may t a k e  p l a c e  i n  t h e  fo rm of 1 n n i u r a l  g a s  o r  p e t r o l .  
-- - - -- - -- - 
petroLeum: t h e  model c o n s i d e r s  e s s e n t i a l l y  t h e  r e f i n i n g  and d i s t r i b ~ l t i o n  
- -- ---- 
of p e t r o l e u m  p r o d u r . t s ,  w i t h  emphas i s  on t h e  f o r m a l i z a t i o n  of t h e  r e f i n l n g  p r o c e s s  1 
I I of t h e  ~!!ult i-prcld;lc? i n d u s t r y .  D i f f e r e n t  e q u a t i o n s  d e s c r i b e :  I 
1 1 - t h e  p roduc t io l i  of p e t r o l e u m  p r o d u c t s  f rom c r u d e  o i l .  1 
1 I - t h e  consumpt ion of c r u d e  o i l  and raw m a t e r i a l  n e c e s s a r y  f o r  r e f i n i n g .  1 
- t h e  d i s t r i b c t i o n  of p e t r o l e u m  p r o d u c t s  t o  v a r i o u s  d i s t r i c t s .  
The i n p u t  d c t a  a r e :  
- y i e l d  f a c t o r  of t h e  t r a n s f o r m a t i o n  o f  c r u d e  o i l  i n t o  g a s o l i n e ,  d i e s e l  o i l ,  e t c .  
- y i e l d  f a c t o r  of s t r a i g h t  d i s t i l l a t i o n  f r a c t i o n s  f o r  v a r i o u s  p r o c e s s e s .  
- c o n s u m p ~ i o n  o f  raw m a t e r i a l  by r e f i n e r i e s .  
Model f o r  c o a l :  t h i s  n o d e l  c o r l s i d e r s  t h e  e n t i r e  c o a l  i n d u s t r y  from e x t r a c t i o n  of 
c o a l  t u  i t s  t r a n s f o r r i i a ~ i o n  and d i s t r i b u t i o n  t o  consumers .  Each mine i s  t r e a t e d  
i .nti ividua!ly.  Lhc. i n t e r c h a n g e a b i l - i  t y  of c o a l s  i s  r e p r e s e n t e d  by r e l a t i v e  power 
e i f  i c l e r l cy  c o e f i i c  i e n t s .  
For  t h e  p l ; a r~ t s  a!; J w i ~ o l e ,  e q ! ~ a t i o n s  f o r  t h e  ba1ant.e o f  and t r a n s f o r m a -  
t i o n  o f  c o a l  and dcniand a r e  g i v e n .  
The i n p ~ l t  d a t a  a l e :  
- y i e l d  f a c t o r s  f o r  v a r i o u s  g r a d e s  i n  p r o c e s s i n g  of c o a l .  
- :hc denrand f o r  c o a l  f o r  e a c h  consumer .  
- thi, v z , r i z ~ l t . s  of tile ~ l o d c l  indexed a c c o r d i n g  t o  c o a l  g r a d e s ,  m i n e s ,  d i f f e r e n t  I 
1 ( k i n d s  o f  p r o c e s s i n g  c.nd consumers ,  a r e a s ,  t i m e .  I 
-- 
Output  Da ta  P lode l - fo r  p e t r i ~ l e u m .  1-q u u r i < G x f  i n e d  i n  e x i s t i n g  p l a n t s .  
-. t h e  d e l l v e r y  01 ~ n 1 1  p r o d u c t s  f o r  cunsurnpt ior~ .  I Model f o r  c c a l .  t h e  c o a l  p r o d u c t i o n  f o r  e a c h  v a l u e  of t h e  above-ment ioned i n d i c e s  i s  r e c o r d e d .  
~- 
of p ~ o c i ~ d l ~ r - e s  a r e used t o  d e t e r m i n e  t h e  b a s i c  d a t a  f o r  t h e  two models .  
S e v e r a l  i t e r a t i o n s  wclre c . ? r r i e d  o u t  f o r  c ; i~~dy i ! i ; :  t h e  s u i t a b i l i t ; ~  of t h e  o p t i m a l  p l a n .  
The r r s u l t s  o b t a i n ~ , c i  : r r i f l  t t ic a c t u a l  c o n d i t i ; , n s  of t h e  i n d u s t r y ' s  e v o l u t i o n  must b e  
t he  o p t i m a l  p l a n .  
1 
r a r e f u l l y  i-ompareil. The c o o l  used i n  t h i s  a n a l y s i s  is  a  s y s t e m  of d u a l  e s t i m a t e s  of 
Sununary n o t  reviewcd b v  t h c  : i i ~ t h u r s  01 t l ic model.  
___I__-~_.__.._._._ .- - -- - -  -- . *. ... . 
~ ~ a ~ l  cf I ; , t . . r r iar i ; : ! icl  . ? i~ i~~ : i i .  tr,t?r-)::y Agel l ,y  s r t q f f  rnm~rnbc-s, V P ~ . ; ; ~ ,  ; : ~ 7 ~ ~ . ' ' ' )  
N u t  powcl- Mar1.c.L i n  ' I f  xrc  i . i r ( i l $  r ' < . , l G t r i ? ~  . . 
_ - -- 
_ _ 
c,' nil< LL, , , , I  p: i+-,r i n  I <  . l <  , . J v l ~ l > i r ~ p  , : , .>1~11t r i , :  c. < i  7,( ,  :<!,,I : i.,,iIlr o r  
I 
s c l e c t ~ - d  prc:gr;:l!i.c. 
.- - . - ~  
l l ~ . b ( , r  i 11c~l 
c s t f i t l l i c t ; e d  ( . i - , . lct-rai l?ts  f i , ?  nil: ):iveil c o u n t r y .  '1.0 o b l a i n  t i l ?  ; ! , ; - . I I : ,  s , , . , , , - , ~ :  , , ,d f15  
I L;e rC  b t l i  ~ t ;  i n  pL,r t i  L.ii I .I; ? .? 1 : .lr.gr? f o r c . ? a s r  i:,,: m n , ! e ;  <,t I l : t  :!..' ::;,llc! t , ) r  
I e 1 e c : r i c a i  e11ergy ( b y  H .  4oXi)  ; a f (>rec- , f i t  of f u t t r r e  f o c s l  1 f , r t  1 j : :  ; ,  :.:; ;,li,c.c.j o f  f u e l  c y c . l c  : - c j s ~  s ;  .I 111o;l~~l ilf g ? n e r a t i n g  p l a n t  L a p i  t n !  c,,- i  c 
-- - __________-- _ __ ._ .. ., 
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Time 
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- P e r i o d  f ~ - c ~ r n  1980 t o  1984 .  - 
- 
~ 
A r g e n t i n n ,  R a n c , l a d e s h ,  C h i ! ? ,  F.P,ypt, G r e c c e ,  Janiaii-;i, F:envz, I , i c , u i c , c , ,  ~ ' a ~ ~ s ~ ~ ~ - " - - -  
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C o r r e l a l - i o n s ,  p r o b a h i l l s t i  c 7imlll a t  i o n ,  dynanli c  p r o g r a m m i n g ,  and , t e a r  n p t  i m i T a t i o n  
t e r h n i q d e s  a r e  u s e d  i n  d i f l r - r e n t  p a r t s  o f  t h e  r e p c r t .  
1)  F o r e c a s t  (:f c ' l c c t r i  c a l  e n e r x y  iemr i~rd .  
A .  ~ o k I  f u t ~ ~ d  '2 g o ~ c l  r u r - r ~ ~ l . i t i o r l  het~wt.rrl t h e  g r o w l h  r a t e  o f  g r o s s  e l t . c t r j c i t y  
g e : , e r a t  i o n  p e r  r . ~ p i t a  a ~ i d  t l i a t  o f  p e r  c a p i t a  C;C;I' a t  f a c t o r  c:,:,sts f o r  a l l  
c c u i 1 t r i c . s  d u r i n g  1961-lYbH. He d e r i v e d  a " u l t i v e r s a l  p o l y n o m i s l  ,:urve" arid 
b u n d l e  o f  n r i g h h o r i n g  c i l r v e s  c o n v e r g i n g  t o  t h e  u n i v e r s a l  c u r v e  f o r  t h e  upper  
v a l u e s  of  GNp p e r  c a p i t a  a n d  g r o s s  e l e c t r i c i t y  g e n e r a t i o n  p r r  c a p i t a .  ~ h ~  
f o r e c a s r  f o r  a  g i v c n  c o u n t r y  i s  t h e n  d i r e c t l y  o b t a i n e d  hy f o l l o w i n g  t h a t  c l l r v p  
o f  r i le  bu2d:c r h a t  f i t s  b rs i :  t o  i L s  own p a s t  paLh. 
(Tile growti1 r a t e s  o f  t h e  GEL' ahd Of t l : ~  pCIpUlati0n a r c  g i v c ~ l  b y  e x p e r t s  ,,f t h e  
r e s p e c r i v e  c o u n t r i e s . )  
2 )  The Wien a u t o m a t i c  s y s c e m  p l e n n i n g  p a c k a g e  ( R . T .  J e n k i n s ) .  
T h i s  p a c k a g e  c o n s i s c s  oT s i x  m o d u l a r  p r o g r a m s :  
- A p r o g r a m  t ~ o  d e s c r i b e  t h e  f o r e c a s t  p e a k  l o a ( l s  and l o a d  d u r a t i s n  c c r u e s  
- A p r o g r a m  t o  a e s c r i b e  t l i e  e x i s t i q g  power s y s t e m  and  a 1  1 f i r m l y  sc]let]r1led 
a d d i t i o n s  
- A p r ~ g r a m  r o  d e s c r i b e  t h e  a l t e r n a t i v e  p l a n t  w h i c h  c o u l d  be ; ~ ~ e d  t o  e x p a n d  
Lhc power s y s t e m  
- A  p r o g r a m  t o  g e a e r s i ~ ?  a l t e r n a t i v e  e x p a n s i o n  c o r ~ f i g u r a t i o n s  
- A pr , sgram t o  d e t s r n i i c e  w h e t h e r  3 p a r t i c u l a r  c o n f i g u r a t i o n  ha:; b e e n  s i m u l a + c d  
a n d ,  i f  n o r ,  C G  s i m u l z t e  c p e r a t i o n  w i t h  t h a t  c o n f i g u r a t i o n .  risjIIg a 
p r o b a b i l i s t i c  s i m u l a i i o n  m o d e l ,  e n e r g y  g e n e r a t i o n  by e a c h  p i a n t  2nd t h o  
c o r r e s p o r l d n g  o p e r d t i o n  c o s t  a r r  c a l c u l a t e d .  The re1 i a b i l  i t v  of  t h e  
g e n e r a t i n g  s ) s t e r n  dnd t h e  p r o b a b l e  amount  o f  u n s a t i s f  i f d  demnntl a r e  e s t  imate , j .  
- LlsCng t l i e  i ia;: ,  i ' i l c s  c r e a t e d  by t 5 e  o t h e r  m o d u l e s  t o g e t h e r  w i t h  ecor ,on l ic  
i n p u t s  and r e l i a b i l i t y  c r i t e r i a ,  t h e  : a s 1  p r o g r a m  chonse ' s  t h e  low; i s t  cost  
t , x p a n s i o n  s z h e d ~ i l e  f o r  a d d i n g  new g n i t s  t o  t h e  s y s t e m  o v e r  t h e  p * r i o , i  n j  
i n t e r e s t .  The o b j c c t i v c  f u n c t i o n  C J ~  t h i s  ( d y n a m i c  p r o g r a m i i n g )  o p t j n i z a t i o n  
i s  t h e  p r e s e n t - w o r t h  c i i s c o u n t e d  v a l u e  o f :  a l l  o p e r a t i n g  c o s t s  p l r l s  a l l  
c a p i t a l  invest men^ c o s i s  of t h e  ~ i a r i a b l e - s y s t e m  l e s s  a  s a l v a g e  v a l u e  c r e d i t  
a t  t t i ?  t ~ o r i i o n  f o r  :tlr r e m a i n i n g  e c o n o m i c  l i f e  c7f i t $  p l a n t s .  
3 )  An i n d e p f ~ ] d e n i  mode 1 "ORCOS'r" e i v e s  L c a p i t a l  c o s t s  o f  gc'ner-atille P I  ; ln t s  
w i t h  t h e  c o s t  a d j i l r t c d  t o  t h e  s p e c i f i c  ro11nt1-y ' s  c o s t  l e v e l s .  
- .- ----___I__-__ 
P r v g r ~ m  u s e r s  n ~ u s  - e n t z r  d . l t n  d e s c r i b i ~ g  r he s p e c i f i c  power s y s  tern ,qnd 1:cor!orni i. 
s y s t e m  df t h e i r  c t .un t : -y ,  i . e .  
- D a t a  d e s c r i  h i n g  l o a d  d u r ~ t i o n  c u r v v s  s e a s o n a l  :v 
- ~ a t a  o n  f i x e d  g e n e t - ~ t i c > r ~  s v s t e r a :  t h e r m a l  p l a n t s ,  h y d r o  c a l > a r i t y ,  pumped .5 torage  
- ~ a t a  011 manpower and l e n g t h  of w o r l t i n g  week ,  m a t d r i ~ a l  er!uiprnca~~t ; ~ i ~ s t . s ,  i n t e r e s t  r a t e s .  
~ 
__~. 
0 1 1 t p u t  D a t a  The main o u t p u t  d i r t8  a r e :  t h e  ! ~ r ~ ~ j c c t ~ d  a11111fl n ' ~ c l e : i r  p1;1nr : , . , ! r l ,  c [:::,s i:.? 
. , . . ; ; l r r y ;  
t t l e  f i n a n c i n g  r e q r ~ i r c m ~ ~ n t s  5:,,c : > u p t r v  f : , r  a  11 th:.~-m,-ll p l a n t s  t o  b e  conlmi s s i n , ! ,  , I  d u r i n g  
1980-1989: t h e  i i n a n r - i n g  1 . e q u i r e n l r n t s  f u r  n u i , l e a r  f t : ? I  c y c l e  i 8 ~ v r s t m e n t s .  
-- - -- - 
-~ . . 
_ 
(I irk,,:[ : y  j l I c  ~ ~ , , i ~ . , j  i71 I ~ I C ,  ~ I I C , J ~ . I S .  ' I  i 1 1 t  rod11c.1 i 0 1 1  , ' S  n111 ! , , , l r  t ,., ~ ~ ~ ~ , ~ ~ ~ , ~ i ~ . ~  i l l  
c \ i J v L L \ c > p i : > g  , . , ) I ~ I \ \  I~ i v s  u i  I I I I , I V V  ( ,y-t( ' l  1 1 , l I  t ~ , \ , t  tIi:11 bl)1)11 1 1 ;  \ )c ,  t . I < < , T I  i g ~ , )  a ~ . C . r l l l l , ~  
_ _ I O b s l - r \ r j t i c r n s  T I I ~  l i ! ~ k , , p , c . <  i , r i t l ?  t l ~ i ,  s t i c i .11  ~ I I ? L ]  ~ L ' L ' L : I I L J ~ ' ! I L  bV.<ttiT~ d r ~ ,  J i s ~ ~ l : ; : , , . , !  i ~ ?  t ) ~ ,  r(.r;C2r( t r I i t  
MODELS CLASS B 

JAPAN 
I S i m u l a t i o n  of F u t u r e  O i l  Flow. I 
The Model 1 n s t i t : u t e  of Ene rgy  Economics ,  Tokyo,  1973 (42 )  
3s o i l  p r o d u c t  i o n ,  o i l  c o n s u m p t i o n ,  r e f i n e r y  c p e r : ~ t i o n  a n d  i n t r o -  
d u c t i o n  of  s u b s t i t u t e  f u c l s .  i 
5 i b j e c t  
a ; ~ c !  Goal 
- 
Sys t em 
D e s c r i b e d  
- - -- - - - -- -  - . - .- . - -. 
S t a t i c  model fcr .  n s p e c i f i c  p o i n t  i n  t i m e  ( i n  1980 and Area 
----.----- - - --  
World - 1 8  c o u n t r i e s .  
-- 
O p t i m a l  s t r u c t u r e  of wor ld  o i l  f l o w  and o i l  i n d u s t r y  i n  
t u r e .  Case  s t u d i c s  combine f o u r  k e y  f a c t o r s  of s p e c i a l  i m p o r t a n c e  
i n  d r a f t i n g  f u t u r e  o i l  p o l i c y :  1 )  p r o d u c t i o r l  r e d u c t i o n  by o i l  
p r o d u c i n g  c i )ur l t r i~c . s ,  2 )  developrilent of o i  1 f i . e l d s  i n  new a r e a s ,  
3) i i i t r o d u c ~  i<.111 of  s l ~ b s t i t u ~ e  f u e i s ,  and 4 )  coriser\r;l t  i o ~ i  of o i l  
consur: ipt ion.  
-- .-- -  
T h i s  model i s  i .o;lccrned & t h  t h e  o p ~ i n u r n  d i s t r i . b u t i o n  of o i l  r e -  
, s o u r c e s  ;?nd s u b s t i ~ ~ l t e  C u e l s ,  which  i s  de t e rn l i ned  by  sucl l  f a c t o r s  
-- - -- 
O p t i n ~ i z a t i o n  illode 1 u s i n g  l i n e a r  programnling. 'The o p t l l r a l  s o l u t i o n  
i s  c o n s t r u c t e d  f o r  c o s t  minimum a t  p r o f i t  maximum. 
The mode 1  c o m p r i s e s  : 
S t a n d a r d  Case  C a s e  S t u d y  
e q u a t i o n s  '336 34 0  
v a r i a b l e s  2 ,869  2 ,956  
non -ze ro  e  lernen t s  1 6 , 7 3 4  1 7,702 
d e n s i t y  1 . 5 5  Z 1 . 5 8  % 
compu t ing  t i m e  7  m i n u t e s  o v e r  7 m i n u t e s  
The volumcs  of 33 c r ~ l d e  o i l s  and 8 s u b s t i t t ~ t c  f u e l s  a r e  d e t e r -  
iiiinccl by ,I s u p p l y  s ~ c . p  f u n c t i o n .  'I'(I r e d u c e  the, o i l  c o n s u m p t i o n ,  
c o s t  pena l t  i c s  a r c  impos i~d .  
O i l  demand: demand by  c o u n t r i e s  and by  p r o d u c t s  ( g a s o l i n e ,  naph-  
t h a ,  m i d d l e  d i s t i l l a t e ,  heavy  f u e l  and o t h e r  p r o d u c t s )  
I n p u t  D a t a  
R e f i n e r y :  c a p a c i t y  o t  t o p p i n g ,  c r a c k i n g  and  d e s u l f u r i z a t i o n ,  
r e f i n e r y  c o s t ,  o p e r a t i o n  f a c t o r  and a l . lowance  f o r  ex- 
p a n s i  on 
Crude  o i l :  32 k i n d s ,  p r o d u c t i o n ,  FOB p r i c e ,  y i e l d  and s u l f u r  
c o n t e n t  
I F r e i g i l t a g e :  t a n k e r s  f o r  c r u d e  o i l  and o i l  p r o d u c t s  I I P i p e l i n e :  f o r  c r u d e  o i l  slid o i l  p r o d u c t s  : I 
Outpu t  Da ta  
O t h e r :  s u l f u r  s p e c i f i c a t i o n ,  L N G ,  d i r e c t  b u r n i n g  of c r u d e  o i l  
and s u b s t i t u t e  f u e l s  ( t a r  s a n d ,  o i l  s h a l e  and l i q u e f i e d  
c o a l ) .  
The  model g i v e s  t h e  f l o w  of  c r u d e  o i l  and o i l  p r o d u c t s  among 18 
c o u n t r i e s ,  t o t a l  c ,ost  (FOR p r i c e  + f r e i g h t a g e  + c u s t o m s  d u t y  + 
r e f i n i n g  c o s t )  l o r  e a c h  c o u ~ l t r y ,  and shadow p r i c e  f o r  e a c h  c r u d e  
and e a c h  s u b s t i t u t e  f u e l .  F o r  t h e  c a s e  s t u d i e s ,  t h e  model g i v e s  
t h e  l e v e l  uf c r u d e  p r o d u c t i o n ,  t h e  c o n s e r v a t i o n  l e v e l  o f  o i l  con- 
s~ imp t  i o n  a n d  t h e  i n t r o t l u c ~ t i o n  o f  s u b s t i t u t e  f u e l s .  
Summary s u p p l i e d  by t h e  a u t h o r  of t h e  niodel.  
b h e  Model 1 Energy R e s e a r c h  [ ] n i l 9  Queen i l a ry  C o l l e g e ,  London, ~ 9 7 3 ' ~ " .  I r m p  and Goal World Eriergy M o d e l l i n g :  Concep t s  and Methods.  - -- I n  t h i s  model c n e  aim i s  t o  min imize  t h e  c o s t s  o f  : -esources  used i n  s a t i s f y i n g  a  
g i v e n  demand f o r  e n e r g y  p r o d u c t s .  The wor ld  ene rgy  sys t em i s  r e g a r d e i  a s  a  
s o c i a l - p o l i t i c a l - e c o n o m i c  sys t em and i s  f o r n u l a t e d  ir: a  s e t  u f  l i n e a r  e q u a t i o n s .  
The systeil i  c an  be  c o n s i d e r e d  e i t h e r  a s  b e i n g  f u l l y  c o m p e t i t i v e  o r  a s  a  mcmopoly. 
The model s t u d i e s  b o t h  t h e  long- term and s h o r t - t e r m  a s p e c t s .  
-- 
t h e  wor ld  a s  c o n s i s t i n g  of 25 d i s c r e t e  g e o g r a p h i c a l  a r e a s ;  
Desc r ibed  52 k i n d s  of c r u d e  o i l  a r e  r e p r e s e n t e d ,  and 72  r e f i n i n g  c e n t e r s  ( w i t h  a v a i l a b l e  
and f u t u r e  c a p a c i t y  de t e rmined  by t h e  model)  a r e  c o n s i d e r e d .  The t r a n s p o r t a t i o n  
sys t em i s  r educed  t o  6 s i z e  c a t e g o r i e s  of s h i p s .  1 
Time S t a t i c  model f o r  c e r t a i n  t a r g e t  y e a r s .  D e t a i l e d  r e s u l t s  a r e  c a l c u l a t e d  o n l y  f o r  
t h e  chosen  y e a r  - 1977.  
Space  The a r e a s  i n  t h e  model have  been c h o s e n  on t h e  b a s i s  o f  t h e  s i z e  of t h e i r  e n e r g y  
demand, t h e  s i g n i f i c a n c e  of t h e i r  l o c a t i o n  and t h e i r  i n d i g e n o u s  ene rgy  s o u r c e s ;  
e .  g .  S c a n d i n a v i a ,  UK i n c l u d i n g  I r e l a n d ,  FRG i n c l u d i n g  h a l f  o f  S w i t z e r l a n d  and 
A u s t r i a ,  Benelux c o u n t r i e s ,  F r a n c e  i n c l u d i n g  t h e  o t h e r  h a l f  o f  S w i t z e r l a n d .  I
The model i s  d e f i n e d  i n  l i n e a r  programming t e r m s .  The o p t i m a l  s o l u t i o n  o f  t h e  
wor ld  e n e r g y  model f o r  any one  y e a r  w i l l  b e  t h a t  s e t  of o p p o r t u n i t i e s  ( a c t i v i t i e s  
of i n d u s t r y )  which w i l l  s a t i s f y  a l l  t h e  r e s t r i c t i o n s  a t  minimum c o s t .  The 
o b j e c t i v e  o f  t h e  model i s  t o  min imize  t h e  t o t a l  e x p e n d i t u r e  i n c u r r e d  t o  meet  a  
g i v e n  demand. The r e s t r i c t i o n s  c o v e r  a l l  a s p e c t s  o f  t h e  i n d u s t r y  s y s t e m s ,  e .g .  
t h o s e  of a v a i l a b i l i t y ,  mass b a l a n c e ,  q u a l i t y ,  p o l i t i c s .  Env i ronmen ta l  f a c t o r s  
a r e  n o t  c o n s i d e r e d .  
The c o m p l e t e  m a t r i x  of t h e  model c o n t a i n s  3550 rows and 13 ,500  columns. The 
f o l l o w i n g  o i l  and g a s  p r o c e s s e s  a r e  i n c l u d e d :  
1 .  Crude d i s t i l l a t i o n  U n i t  (CDN) 7 .  C a t a l y t i c  
2. Vacuum d i s t i l l a t i o n  8. Res idue  d e s u l f u r i z a t i o n  
3. A l k y l a t i o n  9 .  R e s i d u e  c o k i n g  
4 .  C a t a l y t i c  refc , rming 10. N a t u r a l  g a s  l i q u e f i c a t i o n  
5.  D e s u l f u r i z a t i o n  11 .  LNG r e g a s i f i c a t i o n  
6. Kerosene  and g a s - . o i l  h y d r o c l a c k i n g  12 ,  SNG p r o d u c t i o n .  
The r e f i n e d  p r o d u c t s  , :onsidered a r e  t h e  f o l l o w i n g :  
1 .  L i q u i d  p e t r o l e u m / g a s  5.  G a s - o i l  I 
2. Motor s p i r i t s  6.  R e s i d u a l  f u e l  o i l  
3. P e t r o c h e m i c a l  f e e d s t o c k s  7 .  Bitumen 
4 .  Kerosene /  ATK 8. Coke. 
Output  Data  I - New refinery p l a n t  c a p a c i t y ,  by a r e a ,  t o  be  added i n  t h e  chosen  t ime .  I - The wor ld  wide  t o t a l  of new p l a n t  c a p a c i t y .  
I I - The t o t a l  of new o i l  t a n k e r s  t o  be  c o n s t r u c t e d  t o  meet  t h e  demand p a t t e r n  of t h e  I I 1 c h o s e n  t ime .  I 
- The c a p i t a l  t o  be  i n v e s t e d  between t h e  c u r r e n t  t ime  and t h e  chosen  t i m e  h o r i z o n .  
- The p r i c e s ,  $ p e r  b l ,  of t h e  p r o d u c t s .  
- The i m p o r t s  of c r u d e  o i l  and p r o d u c t s  i n t o  t h e  v a r i o u s  a r e a s .  
- The e q u i l i b r i u m  p r i c e s  i n  t h e  f i e l d s  f o r  c r u d e  o i l .  
I t  seems t h a t  some exogenous  p a r a m e t e r s  ( such  a s  f u t u r e  demand, c o s t ,  r e f i n e r y ,  
t e c h n o l o g y )  a r e  d i f f i c u l t  t o  f o r e c a s t .  
The model d o e s  n o t  t a k e  t h e  e n v i r o n m e n t a l  a s p e c t  i n t o  a c c o u n t .  I t  d o e s  n o t  g i v e  
a  dynamic v iew;  o n l y  a c o m p a r a t i v e  s t a t i c  v iew i s  possible. 
The work of t h e  Energy R e s e a r c h  U n i t  of q M C  i s  a t  an e a r l y  s t a g e  and many more 
s t u d i e s  a r e  underway. 
Summary n u t  reviewed bv t h e  n ~ ~ t h o r  of t h e  model.  
I / Development  of  Wrs t e rn  Eurupe;in O i l  I3 r i t , (>?  , I 
The Model Energy  R e s e a r c h  U n i t ,  Queen Mary C o l l e g e ,  L.ondon, 1973 
a )  A c o m p o s i t e  I ) r i c e  s e r i e s  c :ons is t i l lg  ( i i  w e i g h t e d  pr ices  o f  3 
p e t r o l e u n ~  P I - o d u c t s  (g ; l s c l l i i l~ ' ,  r;:is-.oi l and ~ I I F ' ?  r ) i  l ) i s  ( : o r r e l a t e d  
w-i t h  t t i e  cxpcjnc;[lt  i a l l y  snlc~,i:i.lre~l c o s t s ,  i .  c - ,  thi: :iCTiI i:1 ;?ric:c-.s i ~ f  
n l a r g i n a l  c r l ~ c i ~  o i i frvin t t i e  P e r s i a )  (:u!Y and i t s  L r n n s p o r r a  : ion 
c o s t  t o  Wes te rn  E~ l~ -c ;pe .  'The r c . l ; i . t i c~?s ih ip  i > c t ~ ! c c . ~ \  1l1r $ 1 1 1 - i c ~  
o f  t h e  i n d i v i d u a l  p r o d u c t  and t l le  smoothed n l a r%i : i .~ :  rc,st- o f  
cvude  o i l  i s  t h e n  c a l c c l a t e d .  
Subj  ec. t I 
and Goal  
! 
b)  The long - t e rm prod1~ii:t p r i c e s  L I ~ P  g i v e n  by a l i n e a r  e q u a t i o n  model  
t a k i n g  i n t o  acc-cxlnt t i le  c o s t  o f  c r l ~ d e  u i  I ,  t o t - a1  c o s t  of  t h e  
v ; l r i o t ~ s  rc>f i n i n ) :  ;~ncl c,rnc.kin;: mc-thocjs, ; ~ n d  y - i c l d s  of t h e  v a r i o u s  
!-eLined produr:cs and t l i e i r  resicill(> p e r  t o n  c~uclc ' .  The compar i son  
of  t h e s e  p r i c e s  w i t h  t h e  c a l ( : u l a t e d  p r i c e - c o s t  r a t i - o s  shows,  t h e  
a u t h o r s  s a y ,  t h a t  t h i s  model i s  s a t i s f a c t o r y .  
-up- -- - 
The g o a l  o f  t h i s  s t u d y  i s  t o  v e r i f y  some ul r l l r  er:rnclmic i : oncep t s  
of t l le  world e n c r g y  mocii.1 t>ui l t I]!. ttlr !)t::>m g r n o p ,  and some 
p r e l i m i n a r y  r e s u l t s  uf t l ~ n t  L.P. model : 
- T h a t  i n  t l ~ c  si~cirt run  p r o d u c t  p r i c t ' s  r f~!( l  t c  t cosl: (,li:~i~p,?s 
- T h a t  i n  t h e  l ong  run  p r i ~ ! r ~ c . t  p r i r ~ . s  ; i re r l r :  t e rmined  b y  t h e  p r i c e  
of  crucic o j  l ant1 i 11,. c~cist OF rf>l-il:i~ni;. 
-- - - -- - . -- - - -- - - - -- . -- .-
c )  To e x p l a i n  f u c u r e  t r e n d s  of t h e  p r i c e  s t r u c t u r e ,  deve lopmen t  o f  
d e s u l f u r i z n t i o r l  u f  o i l  and i n c r c ~ s e d  c o n v e r s i o n  t o  SNG h a s  t c  be  
talcen i n t o  a c c o u n t  and of t h e  model d e s c r i b e d  i n  b )  must  b e  
m o d i f i e d .  P r e l i m i n a r y  r e s u l t s  0btaint .d  i n  t h e  LP wor ld  e n e r g y  
model  f o r  1977 a r e  b r i e l l y  d e s c r i b e d .  
~r e  a  I --- Space  1 Weste rn  European  o i l  m a r k e t .  
I 
Systcm 
D e s c r i b e d  
of t h e  c o s t  s e r i e s ;  1 i n e a r  r e g r e s s i o n  
a n a l y s i s .  
b )  Sma l l  model c o n s i s t i n g  o f  4 l i n e a r  e q u a t i o n s .  
C )  M o d i f i c a t i o n  of 11). --- 
Ttle ~ ~ e l - i  f i::at i o ~ i  i s  niatll' w.i i~l!  tl!c> f o i  l ( . . v iny ,  ;!r1;1 c ; ~  f o r  th!. Eli ropean  
o i l  mt-lrket: 
P h y s i c a l  
Economic 
Y i e l d s  of v a r i o u s  r e f i n i n g  methods  ( s tmospl le r  i c  d i s t i l  l a t i o n ,  vacuum 1 
d i s t i l l a t i o n  and c a t a l y t i c  c r a c k i n g )  p e r  t on  Kuwnir c l u d e .  I 
-- 
- Dai l y  p r i c e s  of p e t r o l e u m  p r o d u c t s ,  Wes t e rn  E u r o p e .  
- Consumption o f  t h r s e  p r o d u c t s  i n  OECD a r e a s .  
- P r i c e s  of c r u d e  o i l  i n  t h e  P e r s i a n  ~ h ~ l f ,  d e t e r m i n e d  m a i n l y  by 
r o y a l t i e s ,  and t a x e ?  l e v i e d  by t h e  government  of t h e  p r o d u c i n g  
c o u n t r y .  
- C o s r s  o f  v a r i o u s  r e f i n i n g  methods ( b o t h  c a p i t a l  .and o p e r a t i n g  
c o s t s )  and of d e s u l f  u r i z a t i o n .  
of o i l  p r o d u c t s  p c r  t o n ,  
m a r g i n a l  c o s t  o f  c r u d e  o i l .  
- Long t e r m  p r i c e s  o f  o i l  p r o d u c t s .  
( o b s e r v a t i o n s  / The c c , r r e l a t i c n  r o c f f i t  i e r , t  f o r  t e r m  i s  n o t  g i v e n .  n o r 7 1  
The Model 
S u b j e c t  
and  G o a l  
S y s t e m  
D e s c r i b e d  
A r e a  
-- - -- - - - -. - -- - - .- - - - - - . . -. . - . - -- -- - . - - -- - .- -. 
H .  H o u t h a k k c r  and ?I.  K c ~ n ~ v d v ,  1 ' : 7 ~ ! " "  , H . I I  1.11.xi iIi11, , , , -GL t v ,  ( ' c ~ n ~ l ~ r i ~ & x .  Pl;>.~s.
World Pe t rn!e~ .m F u d t > l  . 
~ .. - -.  .- 
The g o a l  o f  t h i s  m,,d~,l  i s  t o  d t  s t - ~  j t ~ ~ .  ti:., w.,l-Id , ' i  l n ~ . ~ r k e c  s t r ! ~ c . l ~ ~ i - c , .  : ( I  p ~ - v 5 , ~ 1 1 t   
some i l l u s t r , ~ ~ i o ~ l  n r l s  f o r  i o r c c : ~ s t  i n b <  r,li,l p: , l  i i v  s i i11~11.1 t  i o l i ,  .ilid ti: s i i ~ ~ t ~ ! a f  c t h ~  . 
e f f e c t  of  cli:lng,=s i l l  ~ ~ x o g e r i o ! l s  i.ic !:,I s ,  suck, ,Ah t.lli/rl.l. t <  I /111c~1ugis o r  : l i e 1  ?<:St u !  
f i n d i n g  and o i l  i n  inore, r r m r . t ~  J r c . i s ,  . I ?  w r 3 , 1  . i s  fiovc,rllinc,~iL r r c ~ i i c : , ~ : ;  1.n 
t r a d e ,  enviro11rne11t; i l  r e s t r i c - t i o i l s  and t , l x . ~ t i . l n .  
.- .. - -- --. - 
The m o d e l  r o r : s i s t s  o! 4 r g m c i i t s :  c - r ~ ~ ~ l i z  o i l  r , ~ - n J ~ ~ c t  i n n : t l  anxl l i ; r I , l t  i , , ~ ] ,  ! c. i  i n i ~ i g ,  
and  consumpt  i u n  o l  l i r < ~ d u i . t s .  I t  i h  ,J r c ~ ~ i t , t ~ . ~ l  m~11 t i-il,,::rkc t  g ,e r ,* , r . i i  rrj11i I i h r i 8 1 q  
mode1 o f  the. i n t e r n a t i o n a l  < , i l  i i ~ ~ ! : ~ : ; t r y .  
- - -. .  - - - -. -  -- . - - - -  - - -  - 
j . ,  
So f a r ,  o n l y  t h e  r + s ~ i ! t s  Lor 1'481) I ~ d v +  I,L,L,L! 1:11 t , l  i s l ~ ~ , t l .  
-.----p-- ~ ~ - 
The w o r l d  o i l  m a r k e t ,  d i ? i i d c ~ J  i n t e  (1 rci .~c%ri: :  t . S A ,  C,!n:i<i,~, 1.~31 ili , ? ~ n ? r i r , ~ .  F ~ I Y O ~  
P e r s i a n  G u l f ,  A s i a  and A![-ica. 
T h i s  m o d e l  u s e s  s i m u I a t i o n  t e c h n i q l ~ ~ s  h. l t  wi I h c q u i  
t h r o u g h  e c o n o m i c  t h e o r y .  The  d i f  f e r e ~ i t  vqrl;it i o n s  c a n  he  i n t r r l > r e t c . i l  a:; f  I r s t  
o r d e r  c o n d i t i o n s  o f  a  q 1 1 a d r a t i c  profir ,~ninlin):  p r o h l r m  d e s c r i h i n i :  :I i . w n p : . r i t i v e  
m a r k e t .  The  e q u i l i b r i u m  p o s i t i o n  11: t l ~ c ,  w o r l d  cril m . l r k c ~  i r ~  t l i c  Icing t r r m  1 s  
Time 
S p a c e  
d e t e r m i n e d  b y  4 m a t r i x  e q u a t i o n s  and  ;ncqu . l l  i  t i c , s :  
- One p o s t u I a t e s  t h a t  t h e  s u p p l y  c1t crudc,  u i l  . ~ n d  t l i ~ ,  d ~ ~ m a n ~ l  I : rr p~-e~cliir t s i n  e a c h  
r e g i o n  d e p e n d  l i n c a r l  y  on  a 1  l p r i c e s  i n  Llic w<,rlcl  ~:i . i rk,>t  
- A n o t h e r  t r a n s l a t e s  the. I acL t h a t  thc, rc,vvritle I o r  I r l > c r a l i ~ i i :  a n y  . ic: ivi  Ly mllst he  
l e s s  t h a n  o r  e q u a l  r u  t h c  c o s t  of  cq><,r.it ini :  t l ~ i .  .rr.t i v i  t y  
- A n o t h e r  g i v e s  t h e  m a t c t r i a l  11:ll.lni.e 
- The l a s t  a s s u m e  t h a t  t l ~ c  a p ~ i m u m  i s  uhl .qincll  f o r  r l 1 i 5  < , o m l w L i t i v c  m : ~ r k c t ;  ~ t  
s p e c i f i e s  t h . l t  i f  s c t i v i  ry i s  r r s < ~ l ,  tlrt, ri,v<,iirlL, C . < I I I . I ~ ~  L l ~ c ,  < < > h t  ( I T  ol>,,r.:it ini :  
t h i s  a c t i v i t y .  (The  moilc.1 <.an  ; ~ l s c >  hc. usvrl 1 0  5imu l : ~ t r  L I I ( ,  . I ~ L I I . I I  r j i  I 1.1 ilrlnmy 
f o r  t h e  v e r y  s h o r t  t e r m ;  i n  t h i s  c . ~ s t .  L I I P  i,qk~:lt i o n s  .1rv s l  i x l ~ t  l y  c l ~ ; ~ n g c , ( l  t o  
t a k e - i n t o  a c c o u n t  t h e  f a c t  t h a t :  r l ic  price, e 1 d s t i c i t i c . s  u: s u p p l y  ar~cl d rmand 
a r e  d i f f e r e n t ,  t h e r e  a r e  adcli  t i o n a l  r o n s l r a i l ~ t s  o f  c a p a c i t y ,  r n p i  t n l  i s  n o t  
f r e e l y  t r a n s f e r a b l e  among d i f f e r e n t  ~ ~ s e s . )  
A t  p r e s e n t  t h e  m o d e l  is r u n n i n g  w i t h  7 0  ( h  x 5)  c ~ ~ n u n o d i t i e s :  h r e g i o n s  (sc.? 
A r e a ) ,  5 k i n d s  of f u e l :  c r u d e  o i l ,  g n s o l i r i e ,  k e r o s c 2 n e ,  d i s t i l  l a t e  fuc.1, 
O u t p u t  D a t a  
M o d e l l i n g  
T e c h n i q u e s  
I n p u t  D a t a  
I 
- i m p l i c ; i t i n n s  rif ( ' . i n ~ < l ; ~  o r  Ncjrway hcc.i,ming p r o d ~ ~ c e r  
( - a r t e l  mt~mhcrs  
- e f f t . 1 . r  ( 1 1  i m p o r t  d c ~ t i c s  e)r t ] ~ l o t ; l s  hv i . < ) ~ ~ r ~ l n i i r ~ f i  t o ~ ~ n t r i e s  
- c h . i n g e s  i n  Icvf j l  (jf r1.f ini lr i :  r n s r  ;1r10 t r a n s p o r t ; l t i o r i  
r a t c  
- i m p l i c l r  i<1 .15  ( i f  t l ~ c ,  clc~vt,l(rl>mt,:it 
--- 
F o r  e a c h  r e g i o n  a n d  e a c h  cornnucli t y  ( c r ~ ~ d c !  o i l  o r  r t , f i n e d  
d e t e r m i n e s  t h e  l e v e l  o r  r o n s i l m p L i u n ,  l > r o d u c t i o n  and prir .c. ,  r e f i n e r y  c a p i t a l  
s t r u c t u r e  a n d  p a t t e r n  o f  w o r l d  tr:idc flctw5. 
r e s i d u a l  f u e l .  ( T h e  model  c o u l d  b e  c . x t c ~ n d e d  t o  l a r g e r  v e r s i o n s . )  I 
I n  e a c h  r e g i o n ,  t h e  e x o g e n o u s  v a r i a b l e s  n r e :  
I n  t h e  demand s e c t o r :  - u n d e r l y i i ~ g  r a t r  of  income g r o w t t ~  
- incomt.  e l a s t i c i t y  o f  dc~man<l 
- p r i c e  t * l a s t i r i t y  o i  demand 
- l e v r l  d f  e x c i s e  taxi:.; on  r e i  i r i t ~ d  prc ic l~~r  t.: 
I n  t h r  s u p p l y  s e c t o r :  - p r i c e  e l a s t i c i t y  o r  c r r ~ d t .  o i l  s u p p l ~  
- availability of c r u d e  o i l  i r o m  nt,w . ; o i ~ r , . e s  ( , $ l a s k a )  I 
- p u s s i h l i i  d c ~ v t ~ l o p m c r i t  n i  p e t r o l ( * o n r  1  i q i ~  i t l . :  hnscad o n  
s h l l e  c ~ i l  o r  cn;11 a t  '1 u s e r  s p e t . i i c , l  r i ~ s t  
- ;;ov?rlinlelit s ~ ~ b s i c l y  of c ~ i  1 p r o d c ~ < , t  ic~ri  t hrm1g11 p r i i . ~ ,  ~ 
s u p p r > r  t 1 
- o v e r a l l  l e v e l  o f  r c I i r i i n g  , (1st i n  f u t l ~ r c x  y e a r s  
- mix of p r ( i d r ~ c t s  wit11 respc , i  t  tk> r n v i r c l n m c n t a !  q u a l i t y  
- r e f  i r ~ r r v  s i t  i n g  5 1 i h s i d i t . s  c>r r t , s t r i c t i n n s  
- d ~ f f r r e n r  c o s t s  o f  r c f  i n i r ~ f i  ! W i t h  r e s p e c t  t o  t r a d i 3 :  - cxj7~1rr t : ~ x e s  o r  c i u u t a s  in~pc)sed  hy OPEC ~ o u n t r i e s  
r  c l o  I i :  I l l?  i n <  omr. n i  t h t , s r ,  pri ,( i>rc. ipr I c ~ ~ l n t r  ic.5 w:,< n6.vt.r a b o v e  
2) I ) i l  l i r ~ n  1 1 1 1 1  1:1rh ( 1 0 7  i S )  .I vc . ] r .  
- - - -- -  - - -- - - - - - - -. -- - - - --- 
s t i l l  d v v t  l i ' p i ~ ~ g .  Only  z~~rnc  r t , s u l  t  5 f u r  L ~ I C  1 9 8 0  : % i m ~ , l a t  ic ,n i i ; lvt ,  
b e e n  p ~ l b l i s h e d ,  m a i n l y  g i \ , i n v  t11v. imn3c.t : ~ i  twr, p , ~ r , ~ n i c . r t . r s :  ttie P e r s i a r 1  G u l i  
e x p o r t  t a x  ( e i  t1ic.r 5 7  . 5 0  l l r  $ 7  1'i.r i h ! .  , , ;inti t l i r  r , . s p o n s r  ~ f  N o r t h  A m e r i c a n  o i  1  
s u p p l y  t o  c h a n # e s  i n  price ( h o t l i  e l a s t i c  i t i c , 5 ,  .25 and . h 7 ,  t iave b e e n  t e s t e d ) .  
TIIL, r c s u l  t s  ; l f f t , c t  t . . ~ .  t h r  l e v e l  rlf tiic. r e s e r v v s  u f  P e r s i a n  Ciulf a n d  N o r t h  
S l l m . l r y  n o t  ~-r.vic,wi.fl hy 1 1 1 , .  . I I I I  lll>r X I ~  l l l l .  n~oilr 1 . 
MODELS CLASS C 

AUSTRIA 
The Model I G .  T i n t n e r ,  1 9 7 1 ( 4 6 ) ,  Techn i sche  Hochschule ,  Vienna.  
I Consequences of a  P o s s i b l e  Energy C r i s i s  i n  A u s t r i a .  I I 
S u b j e c t  1 A l i n e a r  programming s t u d y  of t h e  A u s t r i a n  economy i n  c a s e  a n  energy  / 
s y s t e m  
I 1 Decrease  i n  u t i l i z a t i o n  of o i l  p r o d u c t s  i n  t h e  c a s e  of a  c r i s i s ,  I 
and Goal 
~ e s c r i b e d  1 assuming t h a t  ind igenous  o i  1 p r o d u c t i o n  i s  k e p t  c o n s t a n t .  I 
c r i s i s  a r i s e s ,  based on a n  inpu t -ou tpu t  model. The o b j e c t i v e  func-  
t i o n  i s  maximum employment. 
Time 
Summary provided ( i n  German) by t h e  a u t h o r  of t h e  model. 
Model of s h o r t - t e r m  b e h a v i o r  i n  t h e  c a s e  of an energy  c r i s i s ;  1970 
v a l u e s  a r e  used i n  t h e  s i m u l a t i o n .  
Area Space 
- 
A u s t r i a  
Model l i n g  
Techniques 
I n p u t  Data 
Output Data  
O b s c r v a t i o u s  
O p t i m i z a t i o n  model w i t h  l i n e a r  programming. Maximizat ion of t h e  
t o t a l  wage income a s  t h e  o b j e c t i v e  f u n c t i o n ;  l i m i t a t i o n  of consump- 
t i o n  ( g r o s s  p r o d u c t i o n  + i m p o r t s )  a s  a c t i v i t y  v e c t o r ;  i n t e g r a t i o n  
of t h e  f o r e i g n  t r a d e  and household s e c t o r s  i n  t h e  110 m a t r i x .  
The inpu t -ou tpu t  t a b l e  f o r  1970 (aggrega ted  f rom 31 t o  17 s e c t o r s )  
of t h e  Bundeskarmner d e r  Gewerbl ichen W i r t s c h a f t  i s  t aken  a s  t h e  
b a s i s :  e s t i m a t e d  wage c o e f f i c i e n t  f o r  1970 p rov ided  by t h e  I n s t i t u t e  
f o r  Econometr ics .  Three  energy  s e c t o r s :  t h e  p e t r o l e u m  i n d u s t r y ,  t h e  
mining i n d u s t r y  i n c l u d i n g  c o a l ,  and t h e  e l e c t r i c i t y  s e c t o r  i n c l u d i n g  
n a t u r a l  g a s .  
The p e r c e n t  d e c r e a s e  i n  g r o s s  p r o d u c t i o n  and t o t a l  wages f o r  each  
b ranch  i n  t h e  c a s e  of a  supposed d e c r e a s e  i n  t h e  u t i l i z a t i o n  of o i l  
p r o d u c t s  of 2 ,  4 ,  ... 20%. 
T h i s  model a n a l y z e s  t h e  o p t i m a l  a l l o c a t i o n  under  c o n d i t i o n s  of a  
g iven p o l i t i c a l  o b j e c t i v e  f u n c t i o n .  tiowever, a  s e n s i t i v i t y  a n a l y s i s  
of t h e  c o e f f i c i e n t s  of t h e  t echno logy  m a t r i x  h a s  y e t  t o  b e  c a r r i e d  
o u t .  It  i s  proposed ,  i n  p a r t i c u l a r ,  t o  examine t h e  e f f e c t s  of a  
replacement  of o i l  by c o a l  a s  an energy  s o u r c e  i n  s e v e r a l  b ranches  
of  i n d u s t r y .  
CANADA 
. . 
Summary n o t  reviewed by t h e  a u t h o r  of t h e  model. 
J . G .  ~ e b a n n i ,  1 9 7 3 ' ~ ~ )  , U n i v e r s i t y  of Ot tawa,  O n t a r i o .  
Model f o r  Energy Supply  v s .  P o l l u t i o n .  
The model i s  i n t e n d e d  a s  a  t o o l  f o r  p l a n n i n g  and p o l i c y  a n a l y s i s  by 
a s s e s s i n g  t h e  s p a t i a l ,  t empora l ,  i n t e r n a l  and e x t e r n a l  i n t e r a c t i o n s  
of t h e  components of t h e  energy  s e c t o r .  
The model d e s c r i b e s  t h e  North American energy s u p p l y - d i s t r i b u t i o n -  
consumption a c t i v i t y .  I t  t a k e s  i n t o  account  p h y s i c a l ,  p o l i t i c a l ,  
t e c h n i c a l  and economic a s p e c t s .  A l l  forms of ene rgy  a r e  c o n s i d e r e d ,  
w i t h  s p e c i a l  emphasis on g a s  and o i l .  
The model i s  s t a t i c ;  i t  can  be used t o  a n a l y z e  s h o r t  t o  middle  term 
d e c i s i o n s .  
- 
North America broken down i n t o  p o l i t i c a l  r e g i o n s .  
- Network f l o w  model. 
- Network o p t i m i z a t i o n ,  u s i n g  t h e  " o u t - o f - k i l t e r "  method f o r  minimal 
c o s t  f l o w  problems of D . R .  Fulkerson .  
The nodes of t h e  network r e p r e s e n t :  o i l ,  n a t u r a l  g a s ,  c o a l  and hydro 
p r o d u c t i o n  c e n t e r s ;  n u c l e a r  ene rgy  g e n e r a t i o n  c e n t e r s ;  demand c e n t e r s .  
The a r c s  of t h e  network a r e  p i p e l i n e s  and o t h e r  t r a n s p o r t a t i o n  modes 
which d i s t r i b u t e  t h e  f l o w s  of ene rgy  from t h e  p r o d u c t i o n  t o  t h e  de- 
mand c e n t e r s .  They a r e  c h a r a c t e r i z e d  by an upper  and a  lower bound 
t o  f low,  a  u n i t  c o s t  and a  l o s s  c o e f f i c i e n t .  
According t o  t h e  nodes connected by t h e  a r c s ,  t h e  i n t e r p r e t a t i o n  of 
t h e  c h a r a c t e r i s t i c  pa ramete r s  changes:  e . g .  t h e  u n i t  c o s t  can be a  
C i e l d  p r i c e  o r  a  p o l l u t i o r l  c o n t r o l  c o s t ,  t h e  lower l i m i t  can be a  
"guaran teed  p roduc t ion"  o r  a non-subs t i t u t a b l e  demand, e t c .  
The o b j e c t i v e  f u n c t i o n  t o  minimize i s  t h e  t o t a l  c o s t  of s a t i s f y i n g  
t h e  minimum th roughput  l e v e l s ,  s u b j e c t  t o  maximum c a p a c i t y  c o n s t r a i n t s .  
- Minimum demands f o r  each energy commodity and t o t a l  energy demand 
a t  each  demand c e n t e r .  
- Transmiss ion ,  s t o r a g e  and p o l l u t i o n  c o n t r o l  c o s t s  f o r  each  commodity. 
- Producing c a p a c i t i e s  a t  e v e r y  s o u r c e  node and t r a n s m i s s i o n  capac i -  
t i e s  i n  e v e r y  t r a n s m i s s i o n  l i s t .  
- The p r i c e  s t r u c t u r e  of ene rgy  a t  t h e  p r e v i o u s  t ime  p e r i o d .  
- Energy convers ion  e f f i c i e n c i e s .  
I 
The op t imal  f lows  through t h e  network and t h e i r  shadow p r i c e s  o r  
o p p o r t u n i t y  c o s t s .  
The o p t i m i z a t i o n  a l g o r i t h m  can always p r o v i d e  a  f e a s i b l e  s o l u t i o n  
because  a  " s l ack"  node has  been i n t r o d u c e d  i n t o  t h e  model. 
Th i s  node h a s  a v a i l a b l e  an expens ive  s l a c k  s o u r c e  of ene rgy  which i s  
p r i c e d  a t  t h e  g e n e r a t i o n  c o s t  of p o l l u t i o n - f r e e  n u c l e a r  power, t o  be 
used o n l y  a s  l a s t  r e s o r t .  Th i s  p e r m i t s  e n s u r i n g  t h e  computa t iona l  
f e a s i b i l i t y  w i t h o u t  d i s t o r t i n g  t h e  op t imal  a l l o c a t i o n  of t h e  o t h e r  
The Model 
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CANADA 
Summary s u p p l i e d  by t h e  a u t h o r  of t h e  model. 
(48 I n s t i t u t e  f o r  P o l i c y  A n a l y s i s ,  U n i v e r s i t y  of Toron to ,  1973 .  . 
Econometric Model f o r  Energy. 
The o b j e c t  i s  a  complete  econometr ic  model of s u p p l y ,  demand and 
t r a n s f o r m a t i o n  ( t r a n s p o r t a t i o n ,  r e f i n i n g ,  e t c . )  t i e d  t o  a macro- 
model of t h e  Canadian economy. 
The model w i l l  be used t o  t r a c e  o u t  a l t e r n a t i v e  s c e n a r i o s  g iven  
p o l i c y  p r e s c r i p t i o n s ,  i n c l u d i n g  feedbacks  from energy t o  t h e  
macro-system. 
Time s e r i e s ,  c r o s s  s e c t i o n ,  Canada, t i e d  t o  s i m i l a r  work b e i n g  
under taken a t  Data  Resources I n c .  i n  Cambridge, M a s s a c h u s e t t s ,  
U .  S.A.  
Econometr ics  and l i n e a r  programming. . . 
(Too v a r i e d  t o  l i s t . )  
Impacts  on energy  use  and t h e  macro-environment of a l t e r n a t i v e  
assumptions  of  p o l i c i e s  and exogenous v a r i a b l e s .  
A th ree -year  p r o j e c t ,  whose f i r s t  s t e p  i s  a  d e t a i l e d  demand 
a n a l y s i s .  
The Model 










Inpu t  Da ta  
Output Data  
Observa t ions  
CANADA 
I 1 R e s i d e n t i a l  and Commercial  Demand f o r  Ene rgy .  
The  Model 
S u b j e c t  
and C o a l  
Sys tem 
D e s c r i b e d  
l ~ i m e  
- 
( 4 9 )  Rick  Hyndman, 1973 , U n i v e r s i t y  of T o r o n t o .  
S i m u l t a n e o u s  e q u a t i o n  model i n  t h e  A . P .  E a r t e n  s t y l e  aimed a t  e l i m i -  
n a t i n g  a g g r e g a t i o n  e r r o r s  p r e s e n t  i n  o r d i n a r y  l e a s t - s q u a r e s  e s t i m a t e !  
of f u e l  u s e .  
S u b s t i t u t i o n  of d i f f e r e n t  f u e l s  i n  f u l f i l l i n g  h o u s e h o l d  and cornrner- 
c i a 1  demand. 
Time s e r i e s ,  dynamic s t o c k  a d j u s t m e n t .  
l ~ b s e r v a t i u n s  T h i s  a p p r o a c h  s h o u l d  b e  used  f o r  o t h e r  s e c t o r s  a l s o .  
Area  
Summary s u p p l i e d  by  t h e  a u t h o r  of t h e  model .  
Space  Canada. 
 on-linear s i m u l t a n e o u s  e q u a t i o n  e c o n o m e t r i c s .  
I n p u t  D a t a  
- 
Outpu t  D a t a  
V e c t o r s  of demands,  p r i c e s ,  s t o c k  of e n e r g y  u s i n g  a p p l i a n c e s ,  income 
- 
E l a s t i c i t i e s  of demand f o r  e n e r g y  u s e  when t h e  r e q u i r e d  c o n s t r a i n t s  
f rom demand t h e o r y  have  been  imposed.  
CANADA 
Summary s u p p l i e d  by t h e  a u t h o r  of  t h e  model. 
Leonard Waverman, 1 9 7 3 ( ~ ~ ) ,  U n i v e r s i t y  o f  Toron to  . 
L i n e a r  Programming T r a n s p o r t a t i o n  Models . 
L i n e a r  programming models of  ene rgy  commodities des igned  t o  
minimize f i n a l  c o s t s  t o  consumers. 
O p e r a t i o n a l  now a r e  1 .p .  models f o r  n a t u r a l  g a s  and c o a l .  The 
o b j e c t i v e  i s  t o  d e t e r m i n e  l e a s t  c o s t  p a t h s  and t h e  e f f e c t s  on c o s t s  
of c o n s t r a i n t s  imposed by governments.  
One g i v e n  y e a r ,  s t a t i c  model, 1972 d a t a .  
Nor th  America; cou ld  be a p p l i e d  t o  any r e g i o n .  
L i n e a r  programming. 
- Any f u e l  cou ld  be used ,  e . g .  g a s i f i e d  c o a l .  
- Needs v e c t o r s  of  demand, p r o d u c t i o n  c o s t s ,  t r a n s p o r t  c o s t s ,  
c a p a c i t i e s ,  t r a n s f o r m a t i o n  c o s t s .  
- No e c o l o g i c a l  i n p u t s .  
- Optimal  networks .  
- C o s t s  of  i n t e r f e r i n g  w i t h  t h e s e  networks .  
At tempt ing  t o  i n c o r p o r a t e  demand and supply  f u n c t i o n s .  
I 
The Model 
S u b j e c t  
and Goal 
System 




Model l i n g  
Techniques 
Input  Data  
Output Data 
O b s e r v a t i o n s  
C.S.S.R. 
IThe ~ o d e l  I Bohuslav  C a b i c a r  e t  a l . ,  1 9 7 1 ' ~ ~ ) ~  Energy Resea rch  I n s t i t u t e ,  P rague .  I -- 
S u b j e c t  
and Goal 
I A r e a  I I S p a c e (  C z e c h o s l o v a k i a  a s  a  whole .  
S t r u c t u r a l  Model o f  F u e l  and Energy Economy. 
Op t ima l  t e c h n o l o g i c a l  s t r u c t u r e  of t h e  f u e l  and e n e r g y  economy o f  Czechos lovak ia ;  i t  1 
i m p l i e s  t h e  o p t i m a l  volumes  (min ing ,  p r o d u c t i o n  and i m p o r t )  o f  s i g n i f i c a n t  t y p e s  o f  
f u e l  and e n e r g y  forms.  
- S ~ S  t  em 
Desc r ibed  
Time 
Modelling 
Techn iques  
The model s t u d i e s  t h e  f u e l  and e n e r g y  economy a s  one  s y s t e m ,  and t h e  sub-sys tems o f  
e l e c t r i c  power,  c e n t r a l i z e d  h e a t  s u p p l y ,  g a s  i n d u s t r y ,  c o k e  m a n u f a c t u r e  and p e t r o l e u m  
r e f i n i n g .  
S t a t i c  model f o r  t h e  o p t i m i z a t i o n  i n  a  t i m e  a r e a  o f  a b o u t  1 5  y e a r s  (5 -yea r  t ime  
s e c t i o n s  up t o  1990) .  
S t r u c t u r a l  model by means of which o p t i m i z a t i o n  c o n s i d e r a t i o n s  a r e  made i n d i r e c t l y  on 
t h e  b a s i s  of b a l a n c e  and economic e v a l u a t i o n s  o f  a n  e x p l i c i t l y  g i v e n  d i s c r e t e  s e t  of 
v a r i a n t s .  The f o r m u l a t i o n  of v a r i a n t s  a r i s e s  f rom t h e  p o s s i b l e  s u b s t i t u t i o n  of ener.gy 
fo rms  and t e c h n o l o g i c a l  p r o c e s s e s ,  t o  have  a  b e t t e r  knowledge of t h e  impac t  o f  
d i f f e r e n t  p r o d u c t i o n  p r o c e s s e s ,  and of consumpt ion.  The c r i t e r i o n  f o r  t h e  c h o i c e  of 
t h e  o p t i m a l  v a r i a n t  i s  t h e  minimum a n n u a l  c o s t  i n  t h e  f u e l  and e n e r g y  economy. 
I n p u t  D a t a  
P h y s i c a l  
Economic 
- M a t r i x  of t e c h n i c a l  c o e f f i c i e n t s  e x p r e s s i n g  t h e  i n t e r n a l  t e c h n o l o g i c a l  c o n n e c t i o n s  
w i t h i n  t h e  f u e l  and power economy. 
- Demand v e c t o r  of f i n a l  u s e f u l  consumpt ion .  
- V e c t o r  o f  l i m i t i n g  f a c t o r s  ( a v a i l a b l e  r e s o u r c e s ) .  
The model d o e s  no t  d e a l  w i t h  e c o l o g i c a l  f a c t o r s .  
V e c t o r  of t h e  s p e c i f i c  n o n - e n e r g e t i c  c o s t s  of e n e r g y  forms.  
I 1 The i n d i v i d u a l  m a t r i c e s  and v e c t o r s  c o n s i s t  of t h e  f o l l o w i n g  forms:  I 
Economic 
1. Rlnck c o a l  Tor c o k i n x  p r o c v s s  12. 
2. I % l . ~ i . k c o . ~ l  C o r r V n c ~ r j i c L i c p l l r p o s c ~ ! ;  1 1 .  
( s i  xctl) 14. 
3 .  R l ~ c - k  c o a l  ( ~ ~ n s i z e c l )  15. 
4. L i g n i t e  c o a l  ( s i z e d )  + b r i q u e t t e s  16. 
5. L i g n i t e  c o a l  ( r l r i s ized)  17. 
6. Coke m c t a l l u r y i c a l  18. 
7. Coke ( o t h e r )  
8 .  Crude o i l  19. 
9 .  P c t r o l  20. 
10. Diesel and Cue1 o i l s  21. 
11.  L i g h t  f u e l  o i  1s  22. 
23. 
Hcnvy f u e l  o i l s  
(:nscbs f rom r e f i n e r i e s  
1'r.L rocl~r-mica1 p r o d u c t s  
N a t u r a l  g a s  
Cas  f rom c r a c k i n g  of n a t u r a l  g a s  
Gas from c r a c k i n g  of p e t r o l  
Gas from g a s i f i c a t i o n  of l i g n i t e  c o a l  
u n d e r  p r e s s u r e  
Coke-oven g a s  
Coke-oven g a s  used a s  t o m  g a s  
Town g a s  
G e n e r a t o r  g a s  
B l a s t  f u r n a c e  g a s  
24. Heat f rom l i e ; ~ t i n g  p l a n t s  ( c o a l )  
25. H ~ 3 t  from h e a t i n g  p l a n t s  ( l i q u i d  and g a s e o u s  f u e l s )  
Ih. Hcbnt from I ~ c n t i n g  and power p l a n t s  ( c o a l )  
27 .Hea t  from h e a t i n g  and power p l a n t s  ( l i q u i d  and g a s e o u s  f u e l s )  
28 .Hen t  i n  sys t ems  4 
2 9 . E l c c t r i c i t y  from s t e a m  power p l a n t s  ( c o a l )  
30. E l e c t r i c i t y  from s t e a m  power p l a n t s  ( l i q u i d  and gaseous )  
31. E l e c t r i c i t y  i rom n r l c l ca r  powcr p l a n t s  ( aquous  homogeneous r e a c t o r )  
j L .  E l e c t r i c i t y  from n u ( - l c a r  powcr p l a n t s  ( f a s t  r e a c t o r )  
' 3 3 .  Electricity wi t l i nu t  c a p a c i t y  demands 
34 .  E l e c t r i c i t y  from h y c l r o - e l e c t r i c  power p l a n t s  
35 .  E l e c t r i c i t y  f rom pumped s t o r a g e  power p l a n t s  
36. E l e c t r i c i t y  from e l e c t r i c  power p l a n t s  w i t h  g a s  t u r b i n e s  
37. E l e c t r i c i t y  i n  the, power s y s t r m  
38. E l e c t r i c i t y  i n  t h e  power s y s t e m  ( w i t h o u t  c a p a c i t y  demands) 
Vec to r  of t h e  o p t i m a l  volumes of i n d i v i d u a l  t y p e s  of f u e l  and e n e r g y  fo rms  c l a s s i f e d  
by s r l b s t i t u t  i.ve t e c h n o l o g i e s .  I 
V e c t o r  o f  t h e  t o t a l  s p e c i f i c  c o s t  of i n d i v i d u a l  t v p e s  of f u e l  
c l a s s i f i e d  by s u b s t i t u t i v c  t e c h n o l o g i e s .  
Volume o f  t h e  annua l  c o s t s  o f  o p t i m a l  v a r i a n t .  
/Obse rva t ions  / The model can  a l s o  be used f o r  t h e  d i r e c t  o p t i m i z a t i o n  of t h e  e n e r g y  economy, u s i n g  
Summary s u p p l i e d  by t h e  a r ~ r h o r  of t l ~ c  mc~clcl. 
DENMARK 
Summary s u p p l i e d  by t h e  a u t h o r  of t h e  model. 
Sven ~j drnholm, 1973(52) , U n i v e r s i t y  o f  Copenhagen. 
A l t e r n a t i v e  O r g a n i z a t i o n s  of S o c i e t y  i n  Terms of Energy Use. 
Two s c e n a r i o s  - "Growth a s  U s u a l , "  w i t h  a  4-62 annua l  i n c r e a s e  i n  
t o t a l  ene rgy  impor t s  over  t h e  n e x t  30 y e a r s ,  and  educed Growth ," 
w i t h  a  2-3% i n c r e a s e  - a r e  t o  be c o n s t r u c t e d .  How much w i l l  t h e  
b a l a n c e  of payments,  i n v e s t m e n t s ,  t r a f f i c ,  hous ing  p a t t e r n s  and 
g e n e r a l  l i f e  s t y l e  d i f f e r  between t h e  two a l t e r n a t i v e s ?  What a r e  
t h e  main e lements  of  a n  energy ~ o l i c y  r e q u i r e d  t o  implement one 
o r  t h e  o t h e r  s c e n a r i o ?  
The Danish energy system: e l e c t r i c a l  power, house  h e a t i n g ,  
i n d u s t r y ,  t r a n s p o r t a t i o n ,  a g r i c u l t u r e .  
1973 - 1988 - 2003. 
Denmark. 
Inpu t -ou tpu t  t a b l e s  of t h e  Danish  economy a r e  used t o  f o r e c a s t  
energy consumption from p r o j e c t e d  t o t a l  demand. E s t i m a t e s  based 
on c o n c r e t e  s t u d i e s  of known and p o s s i b l e  f u t u r e  t e c h n i q u e s  i n  
t h e  energy f i e l d  a r e  used t o  r e v i s e  t h e  t e c h n i c a l  c o e f f i c i e n t s  of 
t h e  inpu t -ou tpu t  m a t r i c e s .  
- The energy mix i n  s u p p l y  and consumption 1950-1970. 
- The 1966 inpu t -ou tpu t  t a b l e s  of  t h e  t o t a l  economy. 
- The two a l t e r n a t i v e  growth r a t e s  ( s e e  above) .  
- The p r o j e c t e d  i n p u t  p r i c e s  of  ene rgy  raw m a t e r i a l s .  
- C a p i t a l  r e q u i r e m e n t s  f o r  t h e  implementa t ion and r u n n i n g  c o s t s  of 
known o r  new techniques i n  t l ~ c .  F i e l d  o f  more e f f i c i e n t  energy 
c o n v c t s i o n  and u s e ,  and i n  t h e  I i e l d  of a l t e r n a t i v e  energy  
r e s o u r c e s .  
The two s c e n a r i o s  mentioned under  S u b j e c t  and Goal. 
- The p r o j e c t  w i l l  n o t  make u s e  o f  computer based sys tems a n a l y s i s  
-
t e c h n i q u e s .  I t  may be viewed a s  a  f o r e r u n n e r  of a  more 
q u a n t i t a t i v e  s t u d y  b e i n g  p r e p a r e d  a t  t h e  T e c h n i c a l  U n i v e r s i t y  of 
Denmark (N.  Meyer, E. Mosek i lde ) .  
- The p r o j e c t  s t a r t e d  Apr i l  1, 1974 and w i l l  b e  completed i n  two 
y e a r s .  I t  i s  sponsored by t h e  I n t e r n a t i o n a l  F e d e r a t i o n  of 
I n s t i t u t e s  of Advanced Study,  IFIAS. 
The Model 
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O b s e r v a t i o n s  
F.R.G. 
I I ENIS In format ion  System f o r  t h e  Energy S e c t o r .  
(The Model 
Descr ibed 
Zentrum B e r l i n  f i r  Zukunf t s fo rschung ,  B e r l i n ,  1 9 7 2 ' ~ ~ ) .  
Th i s  p r o j e c t ,  sponsored by t h e  Bundesministerium f i r  Forschung und Tech- 
n o l o g i e ,  b a s i c a l l y  i s  a n  a t t empt  t o  d e a l  w i t h  s p e c i a l  problems of energy  
p o l i c y  by means of a  complex EDP-aided i n f o r m a t i o n  system,  which should 
p r o v i d e  a l l  t h e  n e c e s s a r y  i n f o r m a t i o n  on p a s t  and f u t u r e  developments of 
t h e  energy economy i n  t h e  FRG.  The i n f o r m a t i o n  t o  b e  o b t a i n e d  should n o t  
on ly  r e f e r  t o  t h e  f i e l d  of energy p r o d u c t i o n  and consumption b u t  a l s o  i n -  
c l u d e  e f f e c t s  on t h e  environment due t o  changes i n  energy use .  
The i n f o r m a t i o n  system c o n s i s t s  of a  d a t a  bank,  a  s i m u l a t i o n  model and 
a p p l i c a t i o n  models. The d a t a  bank s u p p l i e s  a l l  d a t a  n e c e s s a r y  f o r  t h e  
o p e r a t i o n  of t h e  s i m u l a t i o n  model, i n  which t h e  energy economy of t h e  FRG 
i s  d e s c r i b e d  by means of t h r e e  programs. 
The "base" program e s t a b l i s h e s  an energy b a l a n c e  u s i n g  demand f b i e c a s t ,  
a  g iven  demand s t r u c t u r e  and a  g iven  impor t / expor t  s i t u a t i o n .  An energy 
b a l a n c e  s h e e t  g i v i n g  t h e  amounts of each t y p e  of energy produced i s  ob- 
t a i n e d  by c o n s i d e r i n g :  
- n e t  e f f i c i e n c i e s  of t r a n s f o r m a t i o n  of pr imary f u e l s  t o  secondary energy  
s u p p l i e s ,  
- t r a n s p o r t a t i o n  l o s s e s ,  
- u s e r  e f f i c i e n c i e s .  
I n  t h e  "environment" program t h e  energy b a l a n c e  p r e v i o u s l y  e s t a b l i s h e d  
i s  used t o  d i s a g g r e g a t e  environmental  burdens  accord ing  t o  t y p e s  of 
emiss ions  and s e c t o r s  which produce them. By means of t h e  "cost"  program 
t h e  economic consequences of t h e  i n t r o d u c t i o n  o f  env i ronmenta l ly  p r o t e c -  
t i v e  t e c h n o l o g i e s  i n  t h e  f i e l d  of energy  p r o d u c t i o n  a r e  de te rmined .  
1- 
Techniques 
I n p u t  Data 
The p e r i o d  of i n v e s t i g a t i o n  i s  v a r i a b l e .  An upper t ime l i m i t  may r e s u l t  
from l i m i t a t i o n s  of t h e  f o r e c a s t i n g  method used ( t r e n d  e x t r a p o l a t i o n ) .  
The model a p p l i e s  t o  t h e  F e d e r a l  Republ ic  of Germany. 
L 
- Data bank o r g a n i z a t i o n :  t h e  d e s c r i p t o r s  used a r e  l o g i c a l l y  l i n k e d  t o  
each o t h e r .  
- Transformat ion  m a t r i c e s  a r e  used t o  e s t a b l i s h  t h e  energy b a l a n c e  and 
de te rmine  env i ronmenta l  burdens .  
- Methods of r e g r e s s i o n  a n a l y s i s  and t r e n d  e x t r a p o l a t i o n .  
Area 
The d a t a  r e q u i r e d  a r e  s t o r e d  i n  t h e  d a t a  bank a s  f o l l o w s :  
- H i s t o r i c a l  consumption and p r o d u c t i o n  of pr imary and secondary energy ,  
convers ion  and u s e r  e f f i c i e n c i e s  
I 
- Emission d a t a  of v a r i o u s  convers ion  a r e a s  - 
- C o s t s  of pr imary energy ,  t r a n s p o r t a t i o n ,  convers ion  and env i ronmenta l  
p r o t e c t i o n  measures .  
Time 
Space 
Observa t ions  The models should  be  completed by l a t e  1974 b u t  complete  d a t a  w i l l  not  be  
a v a i l a b l e  u n t i l  l a t e r .  The model w i l l  p o s s i b l y  b e  r e g i o n a l i z e d .  
Output Data  I 
- -  
Summary no t  reviewed by t h e  a u t h o r  of t h e  model. 
I n  p r i n c i p l e  a l l  in fo rmat ion  t h a t  i s  s t o r e d  i n  t h e  d a t a  bank can be  
r e t r i e v e d .  The s i m u l a t i o n  model i s  expec ted  t o  s u p p l y  a l l  r e l e v a n t  d a t a  
on t h e  f u t u r e  development of t h e  energy  economy. 
F.R.G. 
Summary n o t  reviewed by t h e  a u t h o r  of t h e  model. 
M.  L i e b r u c k s ,  1 9 7 3 ( ~ ~ ) ,  Deutsches  I n s t i t u t  f n r  W i r t s c h a f t f o r s c h u n g ,  
B e r l i n  
Econometric Models f o r  t h e  Energy S e c t o r  of t h e  F.R.G. 
P r o j e c t i o n  model f o r  t h e  energy demand of  t h e  F.R.G. The r e s u l t s  
should  a s s i s t  i n  decision-making i n  t h e  energy f i e l d .  The model 
r e l a t e s  t o  t h e  energy economy o n l y  and does  n o t  r e f e r  t o  any 
secondary e f f e c t s  such  a s  e . g .  t h e  r e d u c t i o n  i n  t h e  number of jobs  
i n  t h e  c a s e  of  d e c r e a s i n g  p r n d u c t i o n  of  ha rd  c o a l .  
To d e t e r m i n e  t h e  energy demand, t h e  model o p e r a t e s  i n  t h r e e  s t e p s .  
F i r s t  t h e  f i n a l  energy demand i s  c a l c u l a t e d  by economic s e c t o r s  and 
by forms of energy a s  a  f u n c t i o n  of  t h e  s p e c i f i c  demand and 
e x p l a n a t o r y  v a r i a b l e s ,  e .g .  t h e  n e t  p r o d u c t i o n  v a l u e s  i n  t h e  
d i f f e r e n t  i n d u s t r i a l  s e c t o r s .  The i n t e r - i n d u s t r y  r e l a t i o n s h i p s  a r e  
t a k e n  i n t o  accoun t  w i t h  t h e  h e l p  of inpu t -ou tpu t  t a b l e s .  The 
second s t e p  draws on t h e  r e s u l t s  of t h e  f i r s t  f o r  secondary forms 
of energy and e s t a b l i s h e s  t h e  n e c e s s a r y  i n p u t  of p r imary  energy .  
I n  t h e  l a s t  s t e p ,  t h e  end u s e  (IStep 1 )  and t h e  demand of t h e  t r a n s -  
f o r m a t i o n  s e c t o r  ( S t e p  2) a r e  aggrega ted  t o  a r r i v e  a t  t h e  demand 
f o r  pr imary energy .  The model t a k e s  i n t o  accoun t  40 i n d i v i d u a l  
lorms of ene rgy ,  29 groups  of consumers i n  t h e  end u s e  s e c t o r s  and 
14 t e c h n i q u e s  i n  t h e  t r a n s f o r m a t i o n  s e c t o r .  I t  d o e s  n o t  c o n t a i n  
any method f o r  t h e  f o r e c a s t  of imports  of  secondary  forms of  ene rgy .  
The model d e a l s  w i t h  s h o r t  and midd le  range  p r o j e c t i o n  of energy.  
The model was developed f o r  t h e  F e d e r a l  Repub l ic  of  Germany. 
The model i s  a n  economet r i c  one. It  u s e s  d i f f e r e n t  t y p e s  of 
r e g r e s s i o n  f u n c t i o n s  and t h e  normal p r o j e c t i o n  methods t o  s o l v e  t h e  
f o r e c a s t  problem. The i n t e r - i n d u s t r y  r e l a t i o n s h i p s  a r e  d e s c r i b e d  
by an inpu t -ou tpu t  t a b l e .  S e v e r a l  s t a t i s t i c a l  t e s t s  a r e  
i n c o r p o r a t e d .  
T e s t  c r i t e r i a  a r e  t h e  c o r r e l a t i o n  c o c F f i c i e n t ,  t h e  c o e f f i c i e n t  of 
d e t e r m i n a t i o n ,  t e s t i n g  of m u l t i l i n e a r i t y  and a u t o c o r r e l a t i o n  of 
t h e  r e s i d u e s .  
For a  b a s i c  p e r i o d  of  10  y e a r s  t h e  maximum i n p u t  might amount t o  
31,000 d a t a  p o i n t s .  The main i n p u t  d a t a  a r e :  
- Bas ic  d a t a  of  t h e  energy economy from t h e  energy b a l a n c e  s h e e t  
- Bas ic  d a t a  of t h e  e x p l a n a t o r y  v a r i a b l e s  i n  t h e  end u s e  s e c t o r  
( i n d u s t r y ,  household and smal l  consumers,  t r , a n s p o r t a t i o n )  and i n  
t h e  t r a n s f o r m a t i o n  s e c t o r .  
The d a t a  o u t p u t  depends on t h e  type  of i n f o r m a t i o n  r e q u i r e d .  The 
most impor tan t  a r e  p r o j e c t i o n s  o f :  
- F i n a l  energy demand by s e c t o r s  and by forms of ene rgy  
- S p e c i f i c  energy consumption 
- Energy demand i n  t h e  t r a n s f o r m a t i o n  s e c t o r  
- Y r  imnry energy consump t i o n .  
The inpu t  of t h e  model is  v e r y  d e t a i l e d .  The model d o e s  n o t  o p e r a t e  
i n  an  i n t e g r a t e d  manner. The r e s u l t s  of S t e p  1 ( c a l c u l a t i n g  f i n a l  
energy demand) must be checked a s  t o  t h e i r  p r o b a b i l i t y ,  because  i n  a  
number of c a s e s  f u n c t i o n  s t a t e m e n t s  which a r e  j u s t i f i e d  from t h e  
economet r i c  p o i n t  of  view s u p p l i e d  r e s u l t s  which canno t  b e  j u s t i f i e d  
in p r a c t i c e ,  e s p e c i a l l y  i n  t h e  c a s e  of long-term p r o j e c t i o n s .  
The Model 
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0 h s c ~ r v . l t i o n s  
h e  Model 1 F. R a b a r ,  1 9 7 0 ( ~ ~ ) ,  I..ihor.iti,ry f r , r  I n f n r m n t  i n n  l ' r i , c e s s i n g ,  R l ~ d r r p c s t .  
and  G o a l  
S y s t e m  
D e s c r i  hed 
I n v e s t m c ~ n t  P o l  i c y  i n  t h e  E n e r g y  1:conomy. 
-- 
The a i m  o f  t h r  r e s e n r r h  i s  L i '  clc. tcrmine nn v p t i m a l  i r i v e s t m e n t  p o l i r y  f o r  t h e  e n e r g y  
economy a s  a w h o l e .  Howc,ver, t l l i s  worlld b e  o v e r l y  n m b i t i u u s ;  a more  m o d e s t  a n d  more  
p r a c t i c a l  a i m  i s  t o  d e v r l i l p  a  s i m u l a t i o n  model t o  i n v e s t i g a t e  t h e  c o n s i s t e n c y  a n d  
c o n s e q u e n c e s  of a  p r o p o s e d  i n v c s t m e n t  p o l i c y .  
T h e  sys tc3m d c , s c r i h c ~ d  i s  t l i , ~ t  irf e i i v r g v  dcm;ind and  s u p p l y ,  t a k i n g  t h e  t e c h n i c a i  .2nd 
c c t i n o n ~ i < .  i s l ) ~ ~ c t s  ot s ~ 1 1 ) p l y  i n t o  c o ~ i s i d c r a t i o n .  Thc  demand t a k e s  t h e  p r i c e 5  j n d  t h e  
p u s s  i l ) i  I i ~  ic s o f  s c ~ l ) s t  i t i l t  i o n  h c t w r c . ~ i  tlic, v ' i r i o u s  f o r m s  o f  e n e r g y  i n t o  a c c o u n t .  The  
s t r u c , t l l r ~ '  01 thc,  enL,rgy s y s t e n i  .Ind :lie c n e r g y  economy ( d i s t i n c ~ i o n  :n?de by  t h e  a u t l l o r )  
i s  s t t ~ " i c d  i n  d r t : l i l .  
I 
ITime T h r  g e n e r a l  m e t h o d  i s  r1se.d f o r  t h e  lo r ig  t e r m  b u t  a  number o f  p r o c e d u r e s  a r e  a l s o  
I 
A r e a  S p a c r  
n p p l i c a h l e  t u  t h e  s h o r t  t e r m .  
- 
Not s p e c  i f  i r d .  
Model 1  i n g  
' T e c h n i q u e s  
'The s y s t e m  t o  he  r n o d e l l c d  c o n s i s t s  3 c h a r a c t e r i s t i c  s t r u c t i ~ r e s :  p r o d u c t i o n ,  < ,on-  
v c r s i o i i ,  and  c~ir1s11mpticrn. 'These nrt. i n t e r d e p e n d e n t  and  may c h a n g e  w i t h  t i m e .  To 
d e s c r i b e  t h i s  s y s t e m  3 s i m u l a t i o n  m o d e l s  h a v e  b e e n  f o r m a l i z e d  t o  i n i r e s t  i g a t e  t h e  
p r o b l e m s  i n  increasing o r d e r  o f  c t ~ m p l e x i t y :  
1 )  A s t a t i c ,  3 g g T ~ ' g . l t ~ ' d  e s c r i ~ t  i o n  o f  t e c h n i c a l  r e l a t i o n s h i p s .  F i x e d  demand,  no  
c1ioic.e i n  ~ r i l i ~ ~ t - o ~ ~ t p ~ l t  s r u c t u r e s .  
A l l  p r ~ x l u c i n g  .ind c c i n v e r t i n g  c a p a c i t i e s  a r e  s r lmmar ized  b u t  t h e  d i s t r i b u t i o n  i n  s p a c e  
i s  n o t  d ~ , s ~ , r i l ~ c , d ,  t h u s  e x c l u d i n g  p o s s i h l e  r e p r e s e n t a t i o n  o f  a   rans sport at ion s y s t e m .  
l ' l i c ~  s l ~ o r L ; i g ~ ,  o r  ~ , x < . c , s s  o i  p r t ~ c l u r t i o n  r a p a c i t y  f o r  t l i e  d i f f e r e n t  t y p e s  o f  e n e r g y  a r e  
complll cd . 
2 )  A dyn;imir modc,l <,i d i s ; l g g r e g a t e d  t c ~ h n i c a l  r e l a t i o n s h i p s ,  e x o g e n o u s  ( a n d  p e r h a p s  
s t o ~ . l ~ . i s t  i c )  dyli . imic d c n ~ . ~ n d ,  l imi t c d  s t i b s t i  t u t i o n  o f  i n p u t  f a c t o r s  a n d  t r a n s p o r t a t i o n  
s y s ~ ~ . ~ r ~ x .  I ) ~ ~ m ; ~ ~ i i l  ~ c t r i i s i s t s  n< , l  c r i  s i n g l e  i i g ~ ~ r e s  f o r  e v e r y  e n e r g y  f o r m  f o r  t h e  e n t i r e  
1x.1- i ~ ~ c l  c r l  I f o r c , ( . i ~ s t  , 11111 0 1  ( . x ~ r i ~ l ~ ( > l  ,ltc'd t r e n d s  of t h e s e ,  r e f l e c t i n g  a l s o  
S C . . I ~ C > I I , I  I I I I I < . I I I , I ~  i < > 1 1 5 .  'l'li,, l t r o < l t ~ , , t  io11 s c l ~ i , m ~ ,  ( . o r r v s p o n d  i r ~ g  t u  d  i f f e r e n ~  h y p o t h e s i s  
t > i i  s1t1.11 11s  . I I I<I  ~ I I C > I . I  , I Y , < .  . ~ r ( .  i I I L  r o d i ~ ( . ~ . < l  l cjr 1..11.11 c.ri(brgy f o r m  a t  e a c h  s t e p  of t h e  
<. .I  I CII I , I (  i g t i i .  ' I ' I I c ,  I I I I C I  I ok:y ( 3 1  t r . i ~ i : : ~ ~ r ~  i s  i~ i ( . l t i c led .  
1) I l ~ , < , n , > ~ ~ l i < , .  ~ l y n . ~ m i c ,  i l ~ . c . ~ . n t r ; i l  i z ~ . d ;  ~ . l ~ u i c c *  o f  i n p u t  and  o u t p u t ;  c h a n g i n g  demand;  
i ~ i t ~ ~ ~ - . ~ c . t  i ~ l ~ i  I i c , t w ~ , ~ . ~ i  cl~,m;ind . ~ n d  s ~ ~ p l ~ l y  s t r u c t u r e s ,  s h o r t  r u n  a d j u s t m e n t s  i n  p r i c e s  
I : i i1<1  q u ; ~ ~ i t  i t  i  ~ . s ;  l imi t  id c:ipac i  t y  o f  t r a n s p o r  t a t i o n  s y s t e m .  New p a r a m e t e r s :  r e g i o n s  s ~ ~ h s t i t ~ ~ t i o n  ~ > . ~ t t c r n  .itid c f f i c i c . n c . y .  The  s t a t e  o f  t h e  s y s t e m  i s  d e s c r i b e d  i n  a  more s o p l l i s ~  i r ; i t c ~ l  way, i n c l ~ i d i n g  e x p o r t s ,  i m p o r t s ,  i n c o m e ,  t o t a l  c o s t ,  u n i t  c o s t s ,  h c n ~ . i  i l  - C , < > S L  r , ~ t  i o ,  l i r i c c  aiid ~lc,mnnd f o r  e v e r y  e n e r g y  f o r m  ( t h e  mode 1  c o n t a i n s  c h a n g i n g  p r i r . ~ ) s  wit11 ;in a u t o m , l t i c  a d j ~ ~ s t m e n t  t o  t l i e  s u p p l y  a n d  demand s i t u a t i o n  o f  
t l ~ c  m . i r k c t ) .  
Witli tllc, o u t l ~ i ~ t  o f '2). wc, (.a11 ~ i m u l ~ l t c '  t h e  c o n s e q u e n c e s  o f  a n y  i n v e s t m e n t  o r  g r o u p  o f  
i n v ~ , s t m ~ , n ~ s  i l l  c v t , r \ ,  ji.rrt 0 1  t l ~ r ,  s y s t e m  hy  c h a n g i n g  t h e  i n p u t  p a r a m e t e r s  a f f e c t e d  by 
t l l c  i n v ~ , h t n l c n t  frcmi t i n l c  L ,  t l i c  p l a n n c d  s t a r t - u p  t i m e  o f  new p r o j e c t s .  
i t  I ' T I I ~ ,  I , ) I  l o w i n g  ni.iLr i \ c . . ;  . l r c  g i v < , n :  1 I I < , : I I X :  1 1 1 ,  C I I I I I I  i  I v o r  .,n,ri:ia i  11. .  ~ s ~ . i r y  t o  p r u d l ~ c e  o n e  u n i t  n i  e n e r g y  j .  
! S'l'Kt:(:l': I hc lprop~11 t i c > l i  (31 i  t o  LIIL, I > L ~ I ~ I -  i n p u t  ' n  p r o d u c i n g  o n e  u n i t  o f  j .  
! 
I PK0I)II: t l ~ e  p i - < ~ l u c e d  q l i . l ~ ! t i t y  111 ,j d ~ ~ r i l i : :  t l i ~  give11 u n i t  o f  t i m e ,  when u s i n g  i a s  
i t 1 1 i ~ 1 t  I I I , I ~  cxi - i ,~ l .  I 
I 
O u t p u t  1 ) a t a  
3 h s r ~ r v n t i o n s  
I TK'INSYSL: t h ~ ,  (1 i s ~ . ~ i i ( . c ,  \ l ~ c ~ ~ i ~ I c d  i n  t  imc 11ni t s  b e t w e e n  i  a s  t h e  p l a c e  o f  p r o d u c t i o n  
~ r l  111~' i - t l l  m.i tr lr  i . 1  l .inrl t l i c  p r o i l ~ ~ c t  i o n  p l a c e  o f  t h e  j - t l i  f o r m  o f  e n e r g y .  
l I ? X l :  I I i I I I I  I '  j I r I t r  r i d  t  In  model 3 ,  t h e  demand i s  
< ~ r l < l < ~ ~ : ~ ~ l l < ~ l , ~ .  
I ' l l , ,  ~ ' t l i i ' i  n ! . i L ~ - i \ c . c  . ! I - < ,  l l ~ ~ ~ l . t , ~ ~ ~ i , , ~ I  \ < i t t :  tlit '  LIlvClitclrv t 7 t  m a t ~ ' r i ~ I  and  p r o d u c t ,  c o s t  o f  
j)rL>~1t~, . t  i l ) l i ,  t  r , ~ l i s l > , > ~ - t  . l t  1~111 , - ~ > > t  , irnp,,i-t p r i i . r ,  e x p o r t  p r i c e ,  11sefr11 e n e r g y  demand,  
i ~ i t ~ , ~ - ~ > s t  !- . i tc , ,  ~ > t c . .  
- 
- S ~ ~ r p l h ~ s ~ ~ s  , I I ! ~  s I ~ o I - L ~ I c ~ ~ ~  C C ~ I -  c > \ , ~ , r , ~  L , I I L , I - K V  l ~ ~ r r n .  
- . ' i ~ . t ~ i , ~ l  i n v c n t n r v  ,>i ni , i t , , r i . i l  ,111~1 ,>f ~ p t - ~ ~ ~ i o ~ ~ t .  
- i ) r ~ l t > r s  ~ c n c . r , l t ~ ' c l  c l u r i n q  L > I ~ C ,  t  in),, ; I n i t  ~ l t  p r o ~ l i ~ c t i o n  p l n ~ . c  i  f o r  p r o d u c t  j .  
- Ir111i~~rl  c,qiii l -~ , rn~ , t l t  ,111,l c , k p ~ , r t  l ~ r ~ ~ I > ~ l l > i  I i  t \  . 
- :Ii.tu.il < ( ) s t  ol  i.11~. p r i ~ ~ i ~ i ~ . c ~ ~ l  l r ? i r  .i;li1 i l l , . i - ~ i ~ ~ ,  Ircun t l i c  qrl,lnt i t ,  b o l d .  
- He~ic,f i t - i . i l s t  [- . i t  i i )  I . i l ~  1 1 1  .ltccI O-i,nl tllc- i ~ l . ; t >  i n i . l ~ t - r c . ~ l  ~ n d  income s : c ~ c r a t e c i .  
- F o r  c:lt.l~ rnixlczl tlic, d i f i ~ , r c l i t  st<!{,.: , , i  t11c . ; i r n u l . i t i ~ , l i  . Ire d L ~ s c . 1 - i b e d .  
- I'll<. ~ o ~ i ~ i c , t . t  ii111s ~ L , ~ I J C . C , I ~  tllc' n i . i< . r~ , -  .111d r l l i t ~ r ~ ~ - c , i . ~ ~ n t ~ r n i ~ .  rnndc,Is . i r r  c l e a r l ~  s t a t e d .  
- TIic3 : ~ d v ; l i i t n g c ~ s  .111~1 d i s n d v . l l l t . 1 ' ~ ~ ~  i l l  t 1 1 ~ '  m ~ , ~ I c ~ l s  a r c  s t t ld  i l ' d .  
- The g c , n ~ ~ r n l  1lrohl~.n1 o i  c l i o i c c  .InlL,ng tllc, c i i i i ~ ' r ~ > n t  i n d i r ; ~ t o r s  r e p r e s e n t i n g  t h e  
c f f i r i c n c y  of i r i v c . s t m ~ > ~ i t  ~pc'l i c v  i s  c ~ x ~ r n i n L . d .  
- TIic, s i g n i f  i c r r n c c  o f  t ~ , c , l i n i c . ~ l  c l ~ . ~ ~ i ~ : e s ,  ~ l ~ . p r c c . i , l t  i n n  .lnd o h s o l r i t ~ ,  i n v c s t m e n t  i s  
d t . sc , r  i h ~ d .  
- -- - - -. -  -. - - . - - - - . . - - - - - - - - -. - 
-- 
Summ.iry n o t  r c ~ v i < ~ w r ~ ~ l  hy L I I L ~  . i ~ i l l i ~ ~ l ~  % > I  I I,,, I I I C N I ~ , I  . 
-- - 
M. t : ,  Pap ,  Kovzcs and L i c i t . ~ ,  l . P l l i 5 6 ) ,  1 o s t i : o t  d c  R e ~ h e r c h e s  d ' E n e r g 6 t i q u e  
L n d u s t r i e l l e  e t  d e  P r o j e t s  d ' O u t i l . ? a g e s  ~ n e r ~ g t i ~ u e s ,  B u c h a r e s t .  1 
- - _ -____ 
':'he g o a l  of t h e  model i s  t h e  p la r ln ing  of  t h e  e n e r g y  s e c t o r  s o  a s  t o  o b t a i n  t h e  
most e c o n o m i c a l  fo rm of p r o d u c t i o n  whi.ch a s s u r e s  t i . z t  t h e  co;lsumption r e q u i r e -  
ments  a r e  c g v e r e d ,  and t a k e s  i n t o  a c c o u n t  a v a i l a b l e  r e s o u r c e s  and e x i s t i n g  i n -  
veacments  o r  p l a n t s  t o  be c o n s t r u c ~ e d .  
1 -p------.p.------------ --- System The model d e s c r i b e s  t h e  e n e r g y  s u p p l y  s y s t e m .  The tink.nowus a r e  o f  2 
D e s c r i b e d  ne\.; c a p a c i . t i e s  t o  be i n s t a l L e d  a t  e a c h  s t a g e  of  t h e  o p c i m i z a t i o r :  p e r i o d ,  and t h e  
e n e r g y  f l o w  i n  t h e  l a s t  y e a r  of e a c h  s t a g e ,  To f a c i l i t a t e  d e c i s i o n - m a k i n g ,  
s e v e r a l  v a r i a t i o n s  a r e  s t u d i e d ,  showing t h e  impac t  of a number of i m p o r t a n t  f a c -  
t o r s  and  t t ie  r e p e r c u s s i o n s  of Lhe developmi..n,t of t h i s  o r  th ,?r  u s e  of e n e r g y  
( t e c h n o l o g i c a l  variants). 
p p i m e  / A ncimber uf d e c a a e s  (no  e x a c t  s p e c i f i c a t i o n ) .  --- 
-- 
Ru~na:lia, m a i n l y .  
-- 
The o p t i m i z a t i o n  model u s e s  l i n e a r  programming. From a  
T e c h n i q ~ e s  1 h y p o t h e s e s  t h e  c o s t s  r e a l i z e d  f o r  investment and o p e r a t i o n  i n  e b c h  p e r i o d  a r e  I i:-sc c a : c l ; l a ~ c d .  Then a  s e t  of c o n s t r a i n t s  i s  c o n s i d e r e d :  1 
I I - L i n k i n g  t h e  p r o d u c t i o n  and  i n t e r m e d i a t e  and f i n a l  c o n s u m p t i o n  of t h e  v a r i o u s  I 
fo rms  o f  e n e r g y ,  and t h e  c a p a c i t y  of t h e  p l a n t s ,  a t  e a c h  s t a g e  
- A n a l y z i n g  t h e  t e c h n o l o g i c a l  v a r i a n t s :  a  g i v e n  u s e  may b e  s a t i s f i e d  by s e v e r a l  
t e c h n o l o g i e s ,  e a c h  consuming a  c e r t a i n  q u a n t i t y  o f  e n e r g y .  The model  i s  con- 
c e i v e d  s o  a s  t o  s e l e c t  t h e  most e c o n o m i c a l  t e c h n o l o g y  
- T a k i n g  i n t o  a c c o u n t  t h e  l i m i t e d  f u e l  r e s e r v e s :  by means of  t h e  c o n s t r a i n t s ,  
t h e  e s t i m a t e d  r e s e r v e s ,  t h e  r e s e r v e s  a l r e a d y  o b t a i n e d  a n d t h e  r e s e r v e s  i n  t h e  
p r o c e s s  of  b e i n g  won (unknowns of t h e  model)  a r e  a s c e r t a i n e d  
- I n t e g r a t i n g  t h e  r u n n i n o  of t h e  e l e c t r i c  power s t a t i o n s  of 3 t y p e s :  h y d r o ,  
t h e r m a l  and n u c l e a r ,  e a c h  t h e  o b j e c t  o f  s p e c i f i c  c o n s t r a i n t s .  
- C o e f f i c i e n t s  of  t r a n s p o r t  and d i s t r i b u t i o n  l o s s e s  
- C o e f f i c i e n t s  of  t r a n s f o r m a t i o n  of  one  f o r m  of e n e r g y  i n t o  a n o t h e r  
- C o e f f i c i e n t s  of t h e  r a t i o  o f  t h e  p l a n t s  t o  " j o i n t  p r o d u c t i o r l "  
- C o e f f i c i e n t s  of t h e  r a t i o  of t h e  p l a n t s  t o  t h e  complementary  f o r m s  of  e n e r g y  
- C o e f f i c i e n t s  of s p e c i f i c  consumpt ion  f o r  e a c h  u s e  of  e n e r g y  
- S p e c i f i c  c o e f f i c i e n t s  a p p r o p r i a t e  t o  t h e  power s t a t i o n s .  
Lnput Data  
o f  t h e  model have  a l r e a d y  been  d e f i n e d :  t h e  i n v e s t m e n t s  
t o  be  made, t h e  e n e r g y  p r o d u c t i o n  arld t h e  i n t e r m e d i a t e  c o n s u m p t i o n  of t h e  v a r -  
T h e r e  i s  a  l a r g e  amount of e n t r y  d a t a  s i n c e  t h e  e n e r g y  s u p p l y  i s  d e f i n e d  i n  a l l  
i t s  d e t a i l s .  A p a r t  f r o m  t h e  a f o r e m e n t i o n e d  v a r i a b l e s ,  some of  t h e  p a r a m e t e r s  
a r e :  
- I n v e s t m e n t  and o p e r a t i n g  c o s t s  of  t h e  p l a n t s  
i o u s  p i a n t s .  For  e a c h  u s e ,  t h e  f i n a l  demand i s  b roken  down i n t o  s e e c i f i c  and 
s u b s t i t u t a b l e  c o n s u m p t i o n ,  t h e  l a t t e r  b e i n g  i m p o r t a n t  f o r  d e t e r m i n i n g  t h e  most 
1 a p p r o p r i a t e  t e c h n o l o g y  f o r  e a c h  u s e .  
I 
' ~ b s e r v a t i o a s  1 While t h e  m a t h e m a t i c a l  f o r m a l i z a t i o n  of t h e  model i s ,  on t h e  
t h e r e  i s  one  p o i n t  which  may be  c o n s i d e r e d  o r i g i n a l :  t h e  e x p l i c i t e  n o t i o n  of 
t h e  u s e  o f  e n e r g y .  I t  i s  t h r o u g h  t h i s  means t h a t  t h e  phenomenon of s u b s t i t u t i o n  
of  d i f f e r e n t  fo rms  of e n e r g y  i s  b e s t  i n t e r p r e t e d .  
Summary n o t  rev iewed by t h e  a u t h o r s  of t h e  model .  
ppp-p----.- . - - .~~ ~ . ~ 
( T o d e 1 3 1  G r o u p  o f  t i l e  Ut.partm<.iit of  L ~ i e r ~ ; y ,  L o n d o n ,  1 ' t 7 2 ( ~ ~ ) .  I 
S u b j e c t  
and Goal  
S y s t e m  
D e s c r i b e d  
U . K .  N a t i o i i a l  X n c r g y  M o d e l .  
p- -- - - - - -- - - - - - 
The l o n g  t e r m  a i m  o f  t h i s  model  i s  t o  b a l a n c e  s u p p l y  a n d  dcmand f o r  e a c h  k i n d  - f  F u e l  i n  
e a c h  m a r k e t  o v e r  t i m e .  T h e  m a i n  g o a l  i s  t o  e v a l u a t e  t h e  i n v e s c n ~ e ~ i t s  i l r e d e d  b y  t h e  cn1,rgy 
f i e i d s  wilicil r e p r e s e n t  a p p r o x i n i a t e l y  ( i n  1 9 7 4 )  8% of t h e  t o t a l  UK i n v e s t m c , n t s .  
. - -. -  -- --- -. . . .- - - - -- .. - 
T h e  model  i s  a11 e n e r g y  niodel  f o r  t h e  U K  a s  a  w h o l e  ;ind f o r  e a c h  e n e r g y  s e c t o r .  J t  b r e a k s  
ddwn t i i e  e n e r g y  p c o b e l m  i n t c ;  a  number  o f  s u b - m o d e l s .  F o r  t l i c  Lime b e i n g  ( A p r i l  1 9 7 4 )  i t  
i s  n o t  c o ~ n p l e t e l y  f i n i s h e d ,  and o n l y  a  s n a p s h o t  o f  Lile s i t u a t i o n  c a n  be  # i v e ~ i .  5 0  i a r -  4 
sub-model s  i iav? b e e n  d e v t ? l o p e d :  
- a  deinand sub- (node1  
- a  gas " u p p l y  suh-model  
- a n  e l e c t r i c i t y  s u p p l y  sub-model  
- 3 c o a l  s u p p l y  s u b - m o d e l .  
An o i l  s u p p l y  sub-model  and  t h e  l i n k a g e  b e t w e e n  t h e  s u b - m o d e l s  a r c  h?i:l[; dc\7c~lopt.r1. 
I ----- -- -- -- --- - [Time 1 T h e  l ~ o r i z o n  i s  t h e  y e a r  2 0 1 0 .  i 
- -  -- . -  - . - - -- - - - . .- - . . . - - - . -- -1 
s l l j ~ p l ~  s l l b - i ~ o ~ l t ~ l s  a r e  1)pt  i m i z a t  i o n  111udeIs u s i ~ i f i  I iIi( 'ilr ~ > r i ) ~ r . ~ n ~ l l i i ~ l f i .  'I-lte dr-lland m o d e l  
a  nil11 1  i p l e  l i n e a r  r e g r e s s i o n .  
~ e s c r i ~ t i o n -  
o f  t h e  
Demand Sub-Model 
-- - 
F o r  e a c h  k i n d  of f u e l  a n d  e a c h  e c o n o m i c  s e c t o r .  t h e  demand i s  r e n r e s e n t e d  bv a  m l i l t i ~ l e  
l i n e a r  r e g r e s s i o n  b e t w e e n  t h e  l o g a r i t h m  of e n e r g y  c o n s u m p t i o n  and t h e  l o ~ a r i t h m  ,)f f o u r  
pa rame t:ers : 
- a n  a c t i v i t y  i n d i c a t o r  f o r  t h e  s t u d i e d  s e c t o r  
- t h e  p r i r e  o f  t h e  f u e l  
- t h e  t e m p e r a t u r e  
- c h e  t i m e .  
The  d i f f e r e n t  s e c t o r s  a r e :  d o m e s t i c ,  i n d u s ~ r i a l ,  c o m m c r ( . i ; ~ l ,  1111I)l i r  : r d m i n i s t r n t  i c ~ n  ; ~ n d  
t r a n s p o r t .  
-PAP- - - --- 
Gas S u p p l y  Sub-Model 
- 
The g a s  s u p p l y  sub-model  i s  a n  a l l o c a ~ i o n  mudcl ~ ~ s i n ~  l i n c ; r ~ ) r o g r a n m i ~ l g .  1 ' 1 1 ~  model  con- 
s i d e r s  t h r  a c t  i v i t i c s  o f  d i s t r i b u t i o n ,  t r n n s m i s s i c ~ ~ i  ; ~ n d  s 1 o r ; l g e  o l  n ; l t i l r a l  g a s ,  m a i n l y  (if 
t h e  N o r t h  S e a ,  e n t e r i n g  t h e  c o u n t r y  t h r o u g h  o n l y  a  few t e r m i r ~ a l s .  
The  o b j e c t i v e  f u n c t i o n  i s  t h e  m i n i m i z a t i o n  o f  t h e  s u p p l y  c o s t .  F o r  t , a c l ~  a c t i v i t y ,  a l l  
c o s t s  ( c . g .  f o r  d i s t r i b u t i o n  p e r  t h e m ,  b u i l d i n g  a  p l a n t  o r  p i p c l i n e ,  r u n n i n g  i t ,  e t c . )  
a r e  m u l t i p l i e d  by a  w e i g h t  r e p r e s e n t i n g  t h e  number o f  y e a r s  a n d  clays a s s o c i a t e d  w i t h  t h a t  
v a r i a b l e ,  a n d  t h e  d i s c o u n t  f a c t o r .  T h e  d i f f e r e n t  r o n s t r a i n t s  and  r e l a l i o n s h i p s  a r e :  
- t h e  g a s  demand r e l a t i o n s h i p ;  i n  p a r t i c u l a r ,  t h e r e  i s  a n  u p p e r  l i m i t  L,, t h e  amount  o f  
g a s  w h i c h  c a n  b e  s o l d  t o  a n y  m a r k e t  a t  a g i v e n  p r i c e  
- t h e  g a s  b a l a n c e  r e l a t i o n s h i p s :  t h e  o u t p u t  mus t  e x c e e d  t h e  L I S P S  a n d  ri le i m p o r t e d  g a s  
m u s t  e i t h e r  be  d i s t r i b u t e d  o r  t r a n s f e r r e d  t o  s t o r a p e  
- t h e  ~ l p p e r  l i m i t s  t o  c o n t r a c t s  f o r  i m p o r t  
- t h e  p l a n t  c a p a c i t y  c o n s t r a i n t s  
- t h e  s t o r a g e :  g a s  w i t h d r a w n  f r o m  s t o r a g e  m u s t  h a v e  1)rc.n s t o r e d  t 1 i c . r ~ .  
- 
E l e c t r i c i t y  I n v e s t m e n t  Sub-Modcl 
The  i ~ l e r t r i c i  t y  sub-moclel i s  d i v i d e d  i n t o  2 v e r s i u n s :  on i ,  (lt*voLc,cl t11 inves lmc.n t  ~ l e t . i s i v n h ,  
t h e  o t t l r r  t o  t h e  d i , t ; l i l e d  o p e r a t i u n  [if t h c  s y s t e m  i n  a s i n f i l c  y c a r .  l'tie two m o d e l s  i n t e r -  
a c t .  The  model  d o e s  n o t  y e t  r u n  w i t h  a l l  t h e  e x p e c t e d  d i , t . i i l s .  
I n  t h e  p r r s e n t  f o r m u l a t i o n  ( o t h e r s  a r e  i n  d e v e l o p m e n t )  t l i e  o b j e c t i v e  f u n c t i o n  u s e d  i s  t h e  
t o t , i l  ( c a p i t a l  c o s t ,  o p e r a t i n g  c o s t  and  f u e l )  d i s c o l l n t e d  s y s t c m  c o s t  o v e r  t i i e  p e r i o d  
s t u d i r d .  Nc g e o g r ; ~ p h i c a l  b r e a k d o w n  of t h e  e n e r g y  s u p p l y  i s  mad?; i t  i s  a  " p o i n t "  m o d e l .  
The mnin  p h y s i c a l  r o n s t r n i n t s  a r e :  
- thcs t u t u r c  lo;lcI a n d  p ; l t L c r n  o f  t h e  dem;~ncl ( t h e  model  r lsc,s  l i n e a r  i n t e r p c , l a t i o n )  
- t i l e  l ~ l r y s i < . a l  1 - h a r i i c t e r i s t i c  o f  v a r h  p l a n t  u s e d :  c o a l ,  o i l ,  g a s  o r  n u c l e a r  f u e l  
( i n t . l ~ l c l i n g  t h ~  p l ~ l t o n i \ l m  b ; l l ; ~ n r . e  when t h e  FRB i s  i n t r o d l l c e d ) ,  
Co.11 S u p p l y  Suh-Model 
The  a i m  of Lhr c o a l  modci  i s  t o  p r e d i c t  t h e  ~ ~ v r r a g e  and  m a r g i n a l  11 i th t . id  c o s t ,  t h e  1 
p r o d u c t i v i t y  and  t h e  manpower needed a t  a n y  o u t p u t  l cvca l  i n  .iny f u ~ u r e  y e a r  up  t o  2 0 1 0 .  
T h i s  model  d e a l s  wi t11  t h e  m i n i m i z a t i o n  <IF p r o d r l c t i o n  c t i s t .  The mdin  c o s t  f u n c t i o n  r ~ s e d  i s  
t h t  p r o d u r t  i o n  f r ~ n c t  i o n  p e r  t o n  w h i c h  i s  t a k e n  a s  a  l i n e a r  f u n c t i o n  o f  thc. v o l r ~ m e  
prodt!< t  i o n .  
So f a r  t i i t ,  4 .;lib-madvls . > r e  r u n n i n g  s c p , ~ r a t e l  y.  '1'111% m a i n  e f f o r t  o f  t h e  t e a m  w h i c h  h a s  
c l e v c ~ I ~ , l > ~ d  t1rc.m i \  rllt, l i n k L i f i c  t i r t w r c n  t t ic ,~n.  'rilrcc. m a i n  a p p r o d c t ~ e s  a r e  s t u d i e d :  
- m o r l u i . ~ r :  cacti mr1clc.1 i s  r l ln s c p ; i r a t e l y  iind tllr o l l t p u t  o f  o n e  i s  u s e d  a s  i n p u t  f o r  a n o t h e r  
- r n u n u l i t l l i c :  dc .ve lopment  o l  a  s i n g l e  LP mudel  u s i n g  a  s i n g l e  o b j e c t i v e  f u n c t i o n  
- mini-modt.1: a l l  p r o b l e m s  ;incl m o d e l s  a r c  s i m [ ~ l i f i e d  w i t h  t h e  g o a l  o f  more  q ~ i c k l y  
r e a r h i n g  3 c o m p . l t i b l e  s i 1 1 1 1 t i o n .  
-- 
Snmmary n o t  r t ,virwecl 11v t l l c  kll t l lors ( I )  t l i ~ .  n ~ < > d t > l  
U. S.A. 
I I Dynamic Energy  System M o d e l l i n g  - I n t e r f u e l  C o m p e t i t i o n  . I 
The Model 
S u b j e c t  
and Goal  
M a r t i n  L .  Baughman, 1 9 7 ~ ( ~ ~ ) ,  M a s s a c h u s e t t s  I n s t i t u t e  of  Techno logy ,  
Cambridge,  Mass. 
System 
- Dynamic model of i n t e r f u e l  c o m p e t i t i o n .  
- Study  of b e h a v i o r  of s u p p l y ,  demand and p r i c e s  f o r  t h e  d i f f e r e n t  
fo rms  of e n e r g y .  
~ p p l i c a t i o n  t o  3 c a s e  s t u d i e s  t o  d e m o n s t r a t e  t h e  p o s s i b l e  u s e s  o f  
t h e  model t o  a s s e s s  t h e  e f f e c t s  of  new t e c h n o l o g i e s  o r  p o l i c y  
i s s u e s .  
' The e n e r g y  s y s t e m  d e s c r i b e d  c o n s i s t s  o f :  
- A demand sub-sys tem:  r e s i d e n t i a l  and  commerc ia l  s e c t o r ,  
i n d u s t r i a l  h e a t i n g  s e c t o r ,  t r a n s p o r t a t i o n  s e c t o r ,  e l e c t r i c i t y  
s e c t o r  
- A s u p p l y  sub - sys t em f o r  t h e  f o l l o w i n g  f u e l s :  c o a l ,  n a t u r a l  g a s ,  
p e t r o l e u m ,  n u c l e a r  e h e c t r i c i t y  
- A r e s o u r c e s  sub-model t h a t  i n d i c a t e s  which  r e s o u r c e s  t o  d e v e l o p .  
I m p o r t s ,  demand by s e c t o r s ,  e x p l a r a t i o n  a r e  exogenous .  
1947 - 1993.  lrea Ispace I USA a s  a  whole .  
I 
Mode 11 i n g  
T e c h n i q u e s  
I n p u t  Data  
I'hys i c a l  
and 
Economic 
S i m u l a t i o n  of  t h e  dynamic b e h a v i o r  o f  t h e  sys t em.  
P r i n c i p a l  a s s u m p t i o n s  of  t h e  model:  
- T o t a l  demand i n e l a s t i c  
- S h o r t  r u n  s u p p l y  c o s t  f u n c t i o n a l s  
- P e r f e c t  c o m p e t i t i o n  framework:  p r i m a r y  f u e l s  p r i c e d  a t  m a r g i n a l  
deve lopment  c o s t s ;  e l e c t r i c i t y  p r i c c d  a t  a v e r a g e  c o s t  
- Demand i s  b r o k e n  down i n t o  a " b a s e  demand" and a  "marke t  
s e n s i t i v e  demand" 
- Base  demand o f  e a c h  s e c t o r  i s  a f r a c t i o n  of t h e  t o t a l  s e c t o r  
demand 
- Demand s e n s i t i v e  t o  marke t  p r i c e s  i s  d i s t r i b u t e d  among t h e  
d i f f e r e n t  s e c t o r s ;  t h e  d i s t r i b u t i o n  f a c t o r s  which  d e t e r m i n e  i t  
a r e  a  f u n c t i o n  of t h e  e n e r g y  p r i c e s .  
- Time s e r i e s  o f  a d d i t i o n s  t o  r e s e r v e s  and c o s t  of d e v e l o p i n g  t h e s e  
r e s e r v e s .  
- M a r g i n a l  deve lopmen t  c o s t  c u r v e s .  
- Time s e r i e s  o f  t o t a l  demand by consumpt ion  ; e c t o r s .  
- P a r a m e t e r s  of  t h e  b a s e  demand. 
- D i s t r i b u t i o n  f a c t o r s  of t h e  s e n s i t i v e  demand and t h e i r  p r i c e  
e l a s t i c i t i e s .  
- Time s e r i e s  of  i m p o r t s .  
- C a p a c i t y  u t i l i z a t i o n  f a c t o r  o f  e l e c t r i c i t y  g e n e r a t i n g  p l a n t s .  
- 1947-1969 t i m e  s e r i e s  were  used o n l y  t o  p a r t i a l l y  v a l i d a t e  t h e  
s t r u c t u r e  o f  t h e  model .  
- Poor  j u s t i f i c a t i o n  of some c o e f f i c i e n t s  u s e d .  
- The model c o u l d  be  d i s a g g r e g a t e d  r e g i o n a l l y  and by  f u e l  p r o d u c t s  
and q u a l i t y .  
- E x p l o r a t i o n  c o u l d  b e  i n t e r n a l i z e d ,  a s  c o u l d  o t h e r  f e e d b a c k  
s t r u c t u r e s .  
3 u t p u t  Da ta  
S[rmm:i~-y n o t  rc.v i c ,wct l  h y  1 1 1 ~ .  ; i l l  l  l ~ o r  or 1 1 1 c ,  model . 
- Marke t  s h a r e s  and l e v e l s  of consumpt ion  f o r  t h e  d i f f e r e n t  f u e l s .  
- P r i c e s .  
U.S.A. 
I I SRI E n e r g y  M o d e l l i n g  C a p a b i l i t y .  I 
The Model Edward G .  C a z a l e t ,  S t a n f o r d  R e s e a r c h  I n s t i t u t e ,  Menlo  P a r k ,  
C a l i f o r n i a .  
SRI h a s  d e v e l o p e d  m e t h o d s  of  c o n s t r u c t i n g  m o d e l s  f o r  complex  m a r k e t s  
c h a r a c t e r i z e d  by  i n t e r p r o d u c t  c o m p e t i t i o n  and  r e g i o n a l  d i f f e r e n c e s  
a r i s i n g  f r o m  p r o d u c t  t r a n s p o r t a t i o n  c o s t s .  T h i s  w o r k  p e r m i t s  r a p i d  
c o n s t r u c t i o n  o f  c o m p r e h e n s i v e  e n e r g y  m o d e l s  t o  s u p p o r t  a n a l y s i s  o f  
s t r a t e g i c  e n e r g y - r e l a t e d  c o r p o r a t e  d e c i s i o n s  and  v a r i o u s  a s p e c t s  o f  
g o v e r n m e n t  e n e r g y  p o l i c y .  
A  n a t i o n a l  e n e r g y  model i n  s u p p o r t  o f  a  d e c i s i o n  a n a l y s i s  o f  
s y n t h e t i c  f u e l s  s t r a t e g y ,  d e v e l o p e d  f o r  a  U.S. o i l  company.  The 
p u r p o s e  was t o  compute  m a r k e t  c l e a r i n g  p r i c e s  and  f l o w s  by  b a l a n c i n g  
s u p p l y  a n d  demand i n  an  e c o n o m i c  f r a m e w o r k .  
L 
I n p u t  D a t a  
P h y s i c a l  
1973-2025 u s i n g  17 t i m e  p e r i o d s  o f  v a r y i n g  l e n g t h .  
N a t i o n a l  w i t h  8 demand r e g i o n s  and 3 0  s u p p l y  r e g i o n s  ( i m p o r t s  a r e  
c o n s i d e r e d )  ; e x p a n s i o n  t o  g l o b a l  s c o p e  p o s s i b l e .  
A r e a  
I 
M o d e l l i n g  
T e c h n i q u e s  
Economic  
Time 
S p a c e  
S u c c e s s i v e  a p p r o x i m a t i o n s  a l g o r i t h m  a p p l y i n g  d e c o m p o s i t i o n  
o v e r  a  n e t w o r k .  P e r m i t s  u s i n g  n o n l i n e a r  f u r i c t i o n s  t o  model  e c o n o m i c  
and p h y s i c a l  r e l a t i o n s h i p s .  
E c o l o g i c a l  
The  model  c o v e r s  a l l  m a j o r  e n e r g y  f o r m s ,  c o n v e r s i o n  p r o c e s s e s  and 
t r a n s p o r t a t i o n  modes and  e x p l i c i t l y  m o d e l s  s u p p l y  e l a s t i c i t y ,  
i n t e r f u e l  c o m p e t i t i o n  and end  u s e  demands .  
The model  n e e d s  k n o w l e d g e  of  : 
- t h e  l e v e l s  o f  demand f o r  e n e r g y  f o r  e a c h  end  u s e  s e c t o r ,  s u c h  a s  
r e s i d e n t i a l  s p a c e  h e a t  i n  t h e  New E n g l a n d  m a r k e t  
- t h e  n e t w o r k  of t r a n s p o r t a t i o n  l i n k s ,  p r o d u c t i o n  p r o c e s s e s ,  
c o n v e r s i o n  p r o c e s s e s ,  d i s t r i b u t i o n  l i n k s  and end  u s e  c o n v e r s i o n  
p r o c e s s e s  t h a t  t o g e t h e r  represent t h e  e n t i r e  c ,ncrgy  s y s t e m  
- t h e  t h e r m a l  e f f i c i e n c y  o f  e a c h  e l e m e n t  of  t h e  s y s t e m .  
The  model  n e e d s  k n o w l e d g e  of  t h e  s p e c i f i c  c a p i t a l  and o p e r a t i n g  c o s t s  
o f  e a c h  e l e m e n t  o f  t h e  n e t w o r k ,  r a t e s  of  t e c h n o l o g i c a l  improvement  
o v e r  t i m e ,  and f i n a n c i a l  and  t a x  i n f o r m a t i o n .  S u p p l y  e l a s t i c i t y  i s  
d e s c r i b e d  i n  t e r m s  o f  c u r v e s  s p e c i f y i n g  t h e  m a r g i n a l  c o s t  o f  
I r e s o u r c e  p r o d u c t i o n  a s  a  f u n c t i o n  o f  c u m u l a t i v e  c o n s u m p t i o n  o f  t h e  / 
r e s o u r c e .  I n f o r m a t i o n  o n  t h e  p r i c e  e l a s t i c i t y  o f  i m p o r t a n t  
s e c o n d a r y  i n d u s t r i e s ,  s u c h  a s  m i n i n g  e q u i p m e n t  and  p r o c e s s  con-  
s t r u c t i o n ,  i s  r e q u i r e d .  
P r o v i s i o n  i s  made,  b u t  h a s  
a n d  i n c o r p o r a t i n g  t h e s e  p r i c e s  i n  t h c  e c o n o m i c s  o f  t h e  p r o c e s s e s .  
1 E c o l o g i c a l  / Can p r o v i d e  t h e  v o l u m e s  and s o c i a l  p r i c e s  o f  e m i s s i o n s  ( n o t  y e t  u s e d ) . /  
O u t p u t  D a t a  
P h y s i c a l  
Economic  
D a t a  r e q u i r e m e n t s  a r e  n o t  l a r g e  b u t  c o n s i d e r a b l e  p r o c e s s i n g  o f  
a v a i l a b l e  d a t a  and  s u b j e c t i v e  i n f o r m a t i o n  i s  r e q u i r e d .  T h i s  h a s  b e e n  
d o n e  f o r  t h e  U.S. model .  P r i c e  e l a s t i c i t y  of  e n d  u s e  demand is  now 
' 
The f l o w s  o v e r  t i m e  t h a t  b a l a n c e  s u p p l y  w i t h  demand u n d e r  f r e e  
m a r k e t  c o n d i t i o n s  a n d  some f o r m s  o f  r e g u l a t e d ,  c e n t r a l i z e d  a n d  
i m p e r f e c t  f r e e  m a r k e t  c o n d i t i o n s .  
The  m a r k e t  c l e a r i n g  p r i c e s  ( o v e r  t i m e  f o r  a l l  m a j o r  e n e r g y  f o r m s )  
t h a t  c h a r a c t e r i z e  t h e  s u p p l y / d e m a n d  b a l a n c e .  
h a n d l e d  o u t s i d e  t h e  m o d e l ,  a1 t h o u g h  t h e  b a s i c  a p p r o a c h  c a n  i n c l u d e  
i t .  C o m p e t i t i o n  among f u e l s  t o  s a t i s f y  end  u s e  demands  i s  i n c l u d e d .  
Some s k i l l  i n  u s i n g  t h e  moclel i s  r e q u i r e d  I > e c a u s e  o f  i t s  i t e r a t i v e  
n a t u r e .  
S u r m a r y  s u p p l i e l  b y  t h e  a u t h o r s  o f  t h e  m o d c l .  
U.S.A. 
The Model I E.W. E r i c k s o n ,  R.L.L. Spann,  R. C i l i a n o  e t  a l . ,  1973(60) ,  Nor th  C a r o l i n a  S t a t e  1 U n i v e r s i t y ,  R a l e i g h ,  N.C. 
S u b j e c t  
and Goal 
Desc r ibed  
s u b s t i t u t i o n  and Usage i n  Energy Demand. 
Accura t e  f o r e c a s t s  of f u t u r e  f u e l  demands f o r  n a t i o n a l  e n e r g y  p o l i c y .  T o t a l  z a r k e t  
f o r e c a s t s  based on a g g r e g a t e  homogeneous BTU's a r e  n o t  c r i t i c a l l y  r e l e v a n t  t o  t h e  
f o r m u l a t i o n  of a  n a t i o n a l  ene rgy  p o l i c y ;  f o r e c a s t s  shou ld  e s t i m a t e  t h e  e f f e c t s  of 
v a r i o u s  p o l i c i e s  on each  f u e l  i n  a d d i t i o n  t o  i n t e g r a t i n g  t h e  i n t e r r e l a t i o n s h i p  
between f u e l s  w i t h i n  t h e  t o t a l  ene rgy  c o n c e p t .  
The model d e s c r i b e s  t h e  r e s i d e n t i a l  and commercial  h e a t i n g  sys tem:  t h e  demand f o r  
ene rgy  w i t h i n  each  s e c t o r - f u e l  combina t ion  and t h e  home h e a t i n g  d e c i s i o n s .  
I 
l ~ i m e  I F o r e c a s t  model f o r  c e r t a i n  t a r g e t  y e a r s .  I 
~ r e a  I I 
s p a c e l  C e r t a i n  r e g i o n s  of  a  n a t i o n a l  ene rgy  sys tem.  
Iklodelllng / The model u s e s  r e g r e s s i o n  a n a l y s i s .  The fo rma l  s t a t e m e n t  i s  a s  f o l l o w s :  
O b s e r v a t i o n s  t- 
= t h e  p e r c e n t a g e  of new c o n s t r u c t i v e  u n i t s  u s i n g  f u e l  i i n  
t ime t ,  and 
= t h e  v e c t o r  of v a r i a b l e s  a f f e c t i n g  s i t  
1). = a '  + b '  2.. = a v e r a g e  usage  p e r  consuming u n i t  of t h e  u n i t s  u s i n g  f u e l  
1 t - L  i i n  t ime t ,  and 
Z = t h c  vector of v a r i ; i h l e s  a f f e c t i n g  U 
-L i t  
= S.  + s - 1 .  = t h e  market  s h a r e  of f u e l  i i n  t ime t 
' t t  l t - 1  i t  I t  
l i t  = t h e  l o s s  r a t e  of  market  s h a r e  f o r  f u e l  i n  t ime  t 
The demand f o r  f u e l  i i n  t ime  t  t hen  i s  D .  = Si t  x N t  x U .  , where  
I t r  I t  
N t  = t h e  t o t a l  number of households i n  t ime t .  
The home h e a t i n g  d e c i s i o n s  a r c  de te rmined  by t h e  f o l l o w i n g  v a r i a b l e s :  
SOR = t h e  r a t i o  of o i l  b u r n e r s  i n s t a l l e d  i n  new d w e l l i n g  u n i t s  t o  t o t a l  new 
c o n s t r u c t  ion 
SGR = n a t u r a l  g a s  h e a t i n g  cus tomers  added v i a  new c o n s t r u c t i o n  d i v i d e d  by t o t a l  new 
c o n s t r l ~ c t  ion 
PO = t h e  a v e r a g e  r e a l  p r i c e  of f u e l  o i l  i n  $ p e r  b a r r e l  t o  t h e  r e s i d e n t i a l  marke t  
s e c t o r  
PG = t h e  a v e r a g e  p r i c e  of n a t u r a l  g a s  i n  $ p e r  f t 3  t o  t h e  r e s i d e n t i a l  marke t  s e c t o r  
U = an i n c r e a s e  of u r b a n i z a t i o n  
Y = r e a l  income p e r  c a p i t a  
S  1  = t h e  % of new c o n s t r u c t i o n  t h a t  i s  1- o r  2-family  d w e l l i n g  u n i t s  
S  2  = t h e  % of new c o n s t r u c t i o n  t h a t  i s  4-family  d w e l l i n g  u n i t s  o r  l e s s  
T  1  = w i n t e r  t e m p e r a t u r e  
AC = t h e  number of p r i v a t e  I - f ami ly  homes s o l d  w i t h  a i r  c o n d i t i o n i n g  
Dj = a  s e t  of  dummy v a r i a b l e s  w i t h  t h e  index  f o r  t h e  s e v e r a l  r e g i o n s  of a  n a t i o n  
PE = t h c  a v e r a g e  p r i c e  of r e s i d e n t i a l  e l e c t r i c i t y .  
The b a s i c  e s t i m a t i n g  e q u a t i o n s  a r e  w i t h  t h e s e  v a r i a b l e s :  
l o g  (SKG) = a  + 2 (PG/FO) + a 2  (PG/PE) + a  AC + a  U + a  Y 
o  1  3 4 5  
+ a  Dl + a7D2 + a  D3 + a  D4 + a  6 8  9  lo s2  
l o g  (SOR) = b,, + b l  ( I I O / P G )  + b, (PO/PE) + b3AC + b4U + b5Y 
- 
The p r e l i m i n a r y  r e s u l t s  of  an example f o r  t h e  r e s i d e n t i a l  h e a t i n g  s e c t o r  a r e  g i v e n :  
f o r  t h e  i n c r e m e n t a l  market  s h a r e  of n a t u r a l  g a s  t h e  c o r r e l a t i o n  c o e f f i c i e n t  (R) i s  
0 .569,  and f o r  t h e  i n c r e m e n t a l  market s h a r e  of  o i l  R~ i s  0.587. For t h e  r e s u l t s  of  a n  
a p p l i c a t i o n  of t h e  moclcl t o  t h e  a v e r a g e  usage r < l t e s  of e l e c t r i c i t y  R *  i s  0 .853.  
Summary no t  rcvicwcd I>y tlic, ;111tliors of tlit. moilt.1 
U.S.A. 
l i he  Model ( Kenneth Hoffman, 1 9 7 2 ( ~ ~ ) ,  Brookhaven N a t i o n a l  L a b o r a t o r y ,  Upton. L . I . ,  N . I .  1 
Mode l l ing  
Techn iques  
S u b j e c t  
and Goal  
Desc r ibed  
l ~ i m e  
I n p u t  Da ta  
P h y s i c a l  
P l a n n i n g  Framework f o r  Energy System P l a n n i n g .  
Op t ima l  t e c h n i c a l  s t r u c t u r e  
r a n g e  of e n e r g y  t e c h n o l o g i e s  and i n t e r f u e l  s u b s t i t u t a b i l i t y .  I t  t r a c e s  p a t h s  f rom 
p r imary  consumption t o  f i n a l  demand f o r  e a c h  type  of f u e l .  
T h i s  model i s  conce rned  w i t h  
d i s a g g r e g a t e d  demand and s u p p l y .  I n  a d d i t i o n ,  i t  e s t i m a t e s  t h e  volume of e a c h  t y p e  
o f  p o l l u t a n t  p r o d u ~ : e d  hy t h e  c n e r g y  sys t cm.  
S t a t i c  model f u r  a  p a r t i c u l a r  p o i n t  i n  t i m e  ( h a s  been a p p l i e d  t o  t h e  y e a r s  1985 and 1 
E c o l o g i c a l  
Economic 
USA a s  a  whole. 
O p t i m i z a t i u n  model u s i n g  l i n e a r  p r o g r a m i n g .  The model p r o v i d e s  a  f e a s i b l e  p a t h  
between n=13 exogenous s u p p l y  c a t e g o r i e s  and m=15 exogenous demand c a t e g o r i e s .  The 
o b j e c t i v e  f u n c t i o n  i s  t h e  minimized s o l u t i u n  of t h e  p re sc r l t  c o s t  of t h e  p o s s i b l e  
p a t h s .  Three  c o n s t r a i n t s  must be  s a t i s f i e d :  t h e  l e v e l  of e a c h  k i n d  of demand, t h e  
p o s s i b i l i t y  of e a c h  k i n d  of s u p p l y  s y s t e m ,  and  he l e v e l s  of t h e  d i f f e r e n t  p o l l u -  
t i o n s .  An expanded model i s  unde r  development  w i t h  27 s u p p l y  c a t e g o r i e s  and 22 
demand c a t e g o r i e s .  
n=13 s u p p l y  c a t e g o r i e s  a r e  c o n s i d e r e d  a s  f o l l o w s :  
- 8 k i n d s  of c e n t r a l  s t a t i o n s  t h a t  p roduce  e l e c t r i c i t y  a s  an  i n t e r m e d i a t e  e n e r g y  
form: hydropower ,  g e o t h e r m a l ,  coa l - s t eam e l e c t r i c ,  LWR e l e c t r i c ,  LMFBR e l e c t r i c ,  
g a s  t u r b i n e  e l e c t r i c ,  pu~rtped s t o r a g e  e l e c t r i c  and s o l a r  e n e r g y .  
- 4 g e n e r a l  pu rpose  Cue l s  t h a t  a r e  d i r e c t l y  d e l i v e r e d  t o  consumers :  o i l  p r o d u c t s ,  
n a t r l r a l  g a s ,  s y n t h e t i c  Cue1 (hydrogen)  and c o a l  g a s  and c o a l .  
- 1  d e c e n t r a l i z e d  e l e c t r i c  s u p p l y  s y s t e m  known a s :  t o t a l  e n e r g y  (up t o  5 MW o u t p u t )  
( d i e s e l  g e n e r a t o r s  o r  g a s  t u r b i n e  o r  f u e l  c e l l s . )  
Fo r  e a c h  s u p p l y  c a t e g o r y ,  t h e  model needs  t h e  knowledge o f :  
- t h e  s u p p l y  c o n s t r a i n t  g i v e n  i n  u n i t s  of 1015 Btu. 
- t h e  amount of ene rgy  t h a t  c a n  be  d e l i v e r e d  by a  p a r t i c u l a r  s u p p l y  c a t e g o r y ,  l i m -  
i t e d  e i t l ~ e r  by t h e  e n e r g y  c o n v e r s i o n  c a p a c i t y  o r  by t h e  q u a n t i t y  of a v a i l a b l e  
~ w r r g y  r e s o u r c e s .  
m=15 demand c a t e g o r i e s  a r e  c o n s i d e r e d  a s  f o l l o w s :  
'I'hc demand i s  d i v i d e d  i n t o  2 s u b - c a l e g o r i e s :  
- c,xogenous demand, i . c .  d i i i e r e n t  c , ~ t e g o r i r s  o C  c n c r g y  demand: s p a c e  belt, a i r  
i : ond i t i on ing .  e l e c t r i c i t y  a t  3 d i f f e r e n t  load [ a c t o r s ,  w a t e r  d e s a l i n a t i o n ,  pumped 
s t o r a g c ,  p r o d u c t i o n  of s y n t h e t i c  f u e l s ,  w a t e r  h e a t i n g ,  n ~ i s c e l l a n e o u s  the rma l  h e a t -  
i n g ,  a i r  t r a ~ l s p o r t ,  ground t r a n s p o r t  ( p u b l i c  and p r i v a t e ) ,  i r o n  p r o d u c t i o n ,  cement 
p r o d u c t i o n ,  and petrochemy and s y n t h e t i c  m a t e r i a l s .  
- endogenous demand: f o r  t h e  e l e c t r i c i t y  ment ioned above t h e  model t a k e s  i n t o  
accoun t  t h e  load  d u r a t i o n  c u r v e  of t h e  sys tem.  For  c e r t a i n  demand c a t e g o r i e s ,  
t h e  d i f f e r e n t  p l a n t s  c a n  be  mixed i n  o r d e r  t o  o p t i m i z e  t h e  g l o b a l  l o a d  f a c t o r  
c u r v e .  The load s t r u c t u r e s  on a  s e a s o n a l  and week ly  b a s i s  a r e  t a k e n  i n t o  a c c o u n t .  
- 
The model i n c o r p o r a t e s  a i r  p o l l u t a q t s  and o t h e r  w a s t e s  g e n e r a t e d  by e n e r g y  conve r -  
s i o n  a c t i v i t i e s  t h a t  a r e  p r o p o r t i o n a l  t o  t h e  amount of e n e r g y  d e l i v e r e d :  C02, CO, 
SO2, NO, p a r t i c u l a t e s ,  hydroca rbon ,  r a d i o a c t i v e  w a s t e s  and t h e r m a l  w a s t e s .  O the r  
p o l l u t a n t s  and l a n d  u s e  w i l l  b e  i n c o r p o r a t e d  i n  t h e  expanded model.  
The c o e f f i c i e n t s  of c o s t  i n  t h e  o b j e c t i v e  f u n c t i o n  r e f l e c t  t h e  n e c e s s a r y  c o s t  o f  
t h e  f a c i l i t i e s  used i n  t h e  ene rgy  s u p p l y  sys t em a s  w e l l  a s  f u e l  and o t h e r  o p e r a t i n g  
c o s t s .  The n e c e s s a r y  c o s t  of c a p i t a l  f o r  t h e  e l e c t r i c  s u p p l y ' c a t e g o r y  i s  a  f u n c t i o n  
of t h e  p l a n t  l o a d  f a c t o r  which is  a l s o  a  f u n c t i o n  of e a c h  s p e c ' i f i c  demand c a t e g o r y .  
Ou tpu t  Da ta  
P h y s i c a l  
Economic 
E c o l o g i c a l  
Summary reviewed by t h e  a u t h o r  of t h e  model 
The model g i v e s  f o r  a  s p e c i f i e d  l e v e l  of e a c h  demand t h e  o p t i m a l  u t i l i z a t i o n  of t h e  
d i f f e r e n t  a v a i l a b l e  s u p p l y  sys t ems .  
The model g i v e s  t h e  t o t a l  c o s t  of t h e  e n e r g y  s y s t e m  b u t  t h e  r e s u l t i n g  o p t i m a l  p a t h  
i s  g r e a t l y  dependen t  on t h e  d i f f e r e n t  i n p u t  c o s t s .  
The model g i v e s  t h e  volume of t h e  d i f f e r e n t  p o l l u t i n g  e m i s s i o n s .  
o b s e r v a t i o n s  - T h i s  model is  s t a t i c ;  i t  can  b e  used  o n l y  f o r  one y e a r .  For  t h a t  y e a r  i t  is neces -  
s a r y  t o  know t h e  demand and t h e  s u p p l y  c a t e g o r i e s .  The l e v e l  of t h e  d i f f e r e n t  k i n d s  
of demands c a n  b e  o b t a i n e d  by u s i n g  an i n p u t - o u t p u t  model. 
- The p r i c e  e l e c t i c i t y  of demand i s  n o t  t a k e n  i n t o  a c c o u n t  i n  t h e  c u r r e n t  model b u t  
is  b e i n g  added t o  t h e  expanded model.  
- Dynamizat ion of t h e  model is  b e i n g  s t u d i e d .  
' 
MODELS CLASS I) 

U .  S.A. 
The Model I W. Nordhaus , 1 9 7 3 ( ~ ~ ) ,  Yale U n i v e r s i t y ,  New Haven, Conn. 
I 1 A l l o c a t i o n  of Energy Resources .  I I 
System 1 The energy  sys tem of t h e  f r e e  market  world  on l e v e l . 1  
S u b j e c t  
and Coal 
The r e s o u r c e  v a r i a b l e s  a r e  pe t ro leum,  o i l  s h a l e ,  c o a l ,  n u c l e a r  f u e l ,  
n a t u r a l  gas .  The demand i s  broken down i n t o  e l e c t r i c i t y ,  p r o c e s s  h e a t ,  
r e s i d e n t i a l  h e a t ,  s u b s t i t u t a b l e  t r a n s p o r t ,  n o n - s u b s t i t u t a b l e  t r a n s p o r t .  
I n  t h e  supp ly  mining model many d i f f e r e n t  t e c l i n o l o g i e s  a r e  invo lved :  
r e f i n i n g ,  c o a l  g a s i f i c a t i o n  and l i q u e f a c t i o n ,  b r e e d e r  r e a c t o r s ,  e l e c t r i c  
au tomobi le ,  hydrogen f u e l e d  au tomobi le ,  e t c .  
The a u t h o r  i n t r o d u c e s  t h e  concep t  of backs top  technology--a s e t  of pro- 
c e s s e s  which i )  can  meet t h e  demand r e q u i r e m e n t s  and i i )  have v i r t u a l l y  
an i n f i n i t e  r e s o u r c e  b a s e .  T h i s  p e r m i t s  him t o  a v o i d  t h e  f i x i n g  of  a  
--- 
The a u t h o r  d i s c u s s e s  t h e  e f f i c i e n c y  of market  f o r c e s  t o  d e t e r m i n e  t h e  -I 
p r i c e s  of ene rgy  r e s o u r c e s ,  u s i n g  t h e  framework of t h e  t h e o r y  of g e n e r a l  
e q u i l i b r i u m .  He t h e n  p roposes  a  model t o  d e t e r m i n e  t h e  e f f i c i e n t  a l l o c a -  
t i o n  of  ene rgy  r e s o u r c e s  over  t ime.  
h o r i z o n .  
1970 t o  i n f i n i t e ,  broken down i n t o  9  t ime  p e r i o d s :  1970,  1980,  1990,  
2000, 2010, 2020, 2045, 2070, 2120 t o  i n f i n i t e .  
s :  USA, J a p a n ,  Western Europe,  
1 P e r s i a n  Gulf and North A f r i c a ,  and t h e  r e s t  of t h e  w o r l d .  
I I Economic 
Mode l l ing  
Techniques  
I n p u t  Data  
P h y s i c a l  
Output  Da ta  
L inea r  programming and s e n s i t i v i t y  a n a l y s i s .  Given demands, r e s o u r c e  
a v a i l a b i l i t i e s  and t e c h n o l o g i e s ,  t h e  model c a l c u l a t e s  t h e  o p t i m a l  p a t h  
t h a t  minimizes  t h e  c o s t s  of meet ing t h e  demand. 'The demand s i d e  assumes 
t h a t  t h e r e  i s  no  r e s p o n s i v e n e s s  of f i n a l  demand t o  p r i c e ,  and t h a t  f u e l s  
a r e  p e r f e c t l y  s u b s t i t u t a b l e  f o r  meet ing demand r e q u i r e m e n t s .  
Resource  a v a i l a b i l i t y  f o r  r e c o v e r a b l e  energy  r e s o u r c e s .  
The d i f f e r e n t  s e c t o r  demands f o r  each  r e g i o n  and e a c h  p e r i o d .  
I 
o b s e r v a t i o n s  
I 
C o s t s  of e x t r a c t i o n ,  t r a n s p o r t a t i o n  and p r o c e s s i n g  f o r  e a c h  f u e l  i n  each  
r e g i o n .  R a t e  of i n t e r e s t .  The paper  d e s c r i b e s  i n  d e t a i l  how t h e s e  d a t a  
a r e  c o n s t r u c t e d .  
- The o p t i m a l  p a t h ,  i . e .  f o r  e a c h  p e r i o d ,  each  r e g i o n  and each  s e c t o r  de- 
mand, t h e  s e t  of f u e l s  and p r o c e s s i n g  t e c h n o l o g i e s .  
- The shadow p r i c e s  of s c a r c e  r e s o u r c e s ,  which can b e  i n t e r p r e t e d  a s  r e n t  
o r  r o y a l t y .  The f u e l  p r i c e s  a r e  t h e  sum of shadow p r i c e s  and of c o s t s  
of e x t r a c t i o n .  
The l i n e a r i t y  of t h e  o b j e c t i v e  f u n c t i o n ,  t h e  i n e l a s t i c i t y  of t h e  demand 
and t h e  l a c k  of l i n k a g e  w i t h  t h e  r e s t  o f  t h e  economy, t h e  assumpt ion  of 
f r e e  t r a d e  and t h e  h i g h  l e v e l  of a g g r e g a t i o n  a r e  o v e r s i m p l i f i c a t i o n s .  
N e v e r t h e l e s s  t h e  model p e r m i t s  t h e  a u t h o r  t o  deve lop  i n t e r e s t i n g  comments 
on t h e  p r e s e n t  e v o l u t i o n  of o u r  energy  system. He a l s o  g i v e s  c o n c l u s i o n s  
abou t  t h e  i m p l i c a t i o n s  f o r  ene rgy  p o l i c y ,  e . g .  e v a l u a t i o n  of t h e  c o s t s  of 
a n  a u t a r k y  p o l i c y  f o r  t h e  U.S. 
Summary no t  reviewed by t h e  a u t h o r  of t h e  model. 





S u b j e c t  
and Goal 
J.  R i c h t e r  and W. Teuf e l s b a u e r  , 1973 (63) ,  Bundeskamner d e r  
gewerb l i chen  W i r t s c h a f t ,  Vienna.  
A u s t r i a  11. 
AUSTRIA I1 i s  an i t e r a t i v e l y  s o l v e d ,  demand-oriented inpu t -ou tpu t  
model (medium te rm,  c o n s t a n t  p r i c e s ,  31 s e c t o r s ,  11 components of 
f i n a l  demand, d i s t i n c t i o n  between c o m p e t i t i v e  and non-compet i t ive  
i m p o r t s )  . 
T e c h n o l o g i c a l  change and development of f o r e i g n  t r a d e  p a r t n e r s  
a r e  exogenous.  
With r e s p e c t  t o  energy ,  "crude o i l  e x t r a c t i o n  and r e f i n e r y "  and 
" e l e c t r i c i t y ,  g a s  and wa te r"  a r e  t r e a t e d  a s  s e p a r a t e  s e c t o r s ;  
" c o a l  mining" w i l l  b e  a  s e p a r a t e  s e c t o r  i n  t h e  n e x t  s t a g e  of t h e  
model. 
AUSTRIA 1 1 ' s  main purpose  i s  t o  s e r v e  a s  a  t o o l  f o r  management in -  
f o r m a t i o n  by s i m u l a t i n g  a l t e r n a t i v e s  of f o r e i g n  t r a d e  developments  
and t e c h n o l o g i c a l  change,  and by i n v e s t i g a t i n g  t h e  e f f e c t s  of 
b o t t l e n e c k s  of  raw m a t e r i a l  i m p o r t s .  
The model d e s c r i b e s  t h e  l e v e l s  of 31 c a t e g o r i e s  of p r o d u c t i o n  and 
v a r i o u s  k i n d s  of non-compet i t ive  i m p o r t s  r e q u i r e d  t o  meet a  g iven  
b i l l  of f i n a l  demand w i t h  t h e  h e l p  of an  inpu t -ou tpu t  model 
(changes i n  t h e  t e c h n o l o g i c a l  s t r u c t u r e  a r e  i n t r o d u c e d  exogenously)  
The components of f i n a l  demand (31 c a t e g o r i e s  of p r i v a t e  consump- 
t i o n ,  e t c . )  a r e  determined by v a r i a b l e s  such  a s  f o r e i g n  demand, 
d i s p o s a b l e  income, GNP, t h e  p a r a m e t e r s  of t h e  consumption f u n c t i o n s  
inves tment  f u n c t i o n s  e t c .  a r e  e s t i m a t e d  by means of t i m e  s e r i e s  
a n a l y s i s .  Impor t s  of goods where t h e r e  i s  no  domes t i c  p r o d u c t i o n  
( c o t t o n ,  rubber )  or  one w i t h  i i x e d  c a p a c i t y  limits ( c r u d e  o i l ,  c o a l  
a r e  determined by the  l e v e l s  of o u t p u t  of t h o s e  i n d u s t r i e s  t o  which 
t h e s e  i m p o r t s  a r e  i n p u t s .  
Time So f a r  annua l  f o r e c a s t s  have been made up t o  1980. 1Area 
,.. I 
Inpu t  Data  
s p a c e /  A u s t r i a .  
I 
Model l i n g  
Techniques  
A u s t r i a n  i n p u t - o u t p u t  t a b l e  f o r  1970 (31 x  3 1 ) ,  which was e s t i m a t e d  
by u p d a t i n g  t h e  o f f i c i a l  1964 t a b l e  (54 x  5 4 ) .  T h i s  work was done 
i n  c o o p e r a t i o n  w i t h  t h e  e s t e r r e i c h i s c h e s  I n s t i t u t  f i i r  W i r t s c h a f t s -  
fo r schung  . 
Time s e r i e s  f o r  f i n a l  demand components and c a t e g o r i e s  i n  r e a l  
t e rms ,  some t ime  s e r i e s  on t e c h n i c a l  c o e f f i c i e n t s :  
- Inves tment  p l a n s  of e n t e r p r i s e s ;  
- Investment  p l a n s  of t h e  p u b l i c  s e c t o r ;  
- Engineer ing  i n f o r m a t i o n  on t e c h n o l o g i c a l  change.  
I t e r a t i v e l y  s o l v e d  inpu t -ou tpu t  model. 
Summary s u p p l i e d  by the  a u t h o r  of the  model. 
. . r"' ~ a t a  For  a given  s c e n a r i o  ( f o r e i g n  demand, t e c h n o l o g i c a l  change,  e t c . )  
t h e  model p r o v i d e s  f o r  each y e a r  up t o  1980 an i n p u t - o u t p u t  t a b l e  
(31 x  31) i n  c o n s t a n t  p r i c e s .  
FRANCE 
D.  B l a i n ,  1972 ( 6 4 ) ,  M i n i s t s r e  d e  l lEconomie  e t  d e s  F i n a n c e s ,  P a r i s .  
FINER, Energy F i n a n c i n g  Model. 
The model shows t h e  m i d d l e  t o  l o n g  t e rm economic and f i n a n c i a l  conse -  
quences  of v a r i o u s  e n e r g y  p o l i c i e s  on p r i c i n g ,  t a x e s ,  i n v e s t m e n t s ,  
r e q u i r e m e n t s ,  r e g u l a t i o n s .  
The model d e s c r i b e s  t h e  s e t  of e n e r g y  p r o d u c t i o n  and consumpt ion  p ro -  
c e s s e s  i n  t h e  s e c t o r s  of i n d u s t r y ,  t r a n s p o r t a t i o n ,  s i d e r u r g y  and 
househo ld  and commercia l .  I t  t a k e s  i n t o  a c c o u n t  i n t e r f u e l  compet i -  
t i o n  and o p t i m i z e s  t h e  t o o l s  of p r o d u c t i o n  f o r  a  g i v e n  consumpt ion .  
1970 t o  1985 o r  1990.  
F r a n c e  a s  a  whole .  
S i m u l a t i o n  model u s i n g  e c o n o m e t r i c  e q u a t i o n s  and embedding r e s u l t s  o f  
p a r t i a l  o p t i m i z a t i o n  f o r  d i f f e r e n t  k i n d s  of e n e r g y  ( e . g .  e l e c t r i c i t y ) .  
- main  v a r i a b l e s  d e s c r i b i n g  F r e n c h  economic growth  
- growth  r a t e  o f  G N P ,  l iousehold consumpt ion  
- g e n e r a l  i n d e x e s  of  p r i c e s  and s a l a r i e s  
- number of new l o d g i n g s  
- r a t e  of i n t e r e s t  
r 
- n a t i o n a l  p r o d u c t i o n  of  c o a l  and d i s t i l l e d  f u e l  o i l s  
- p r i c e  of  impor t ed  e n e r g y  ( c r u d e  o i l ,  g a s ,  c o a l ,  u ran ium)  
- e n e r g y  p r i c e s  a t  consumer l e v e l  
- d i f f e r e n t  t a x e s  on  e n e r g y  
- d e s c r i p t i o n  of t h e  n a t i o n a l  and i n t e r n a t i o n a l  f i n a n c i a l  m a r k e t  
- f i n a n c i a l  c o n s t r a i n t s  f o r  t h e  d i f f e r e n t  u t i l i t i e s  
- o f l i c i n l  r e g u l a t i o n  of  e n e r g y  u s e .  
F o r  e a c h  y e a r :  
- a n n u a l  consumpt ion  f o r  e a c h  k i n d  of  f u e l  f o r  e a c h  demand s e c t o r  
- e n e r g y  i m p o r t s  
- o p e r a t i n g  c o s t s  and f i n a n c i a l  r e q u i r e m e n t s  f o r  t h e  b i g  n a t i o n a l  
u t i l i t i e s  ( e l e c t r i c i t y ,  g a s ,  c o a l )  and f o r  t h e  o i l  s e c t o r .  
The model a l s o  g i v e s  t h e  impact  o f  t h e  e n e r g y  p r o d u c i n g  s e c t o r  on  
t h e  r e s t  of t h e  economy: 
- f  i n a n c i a 1  b a l a n c e  
- employment 
- i n c r e m e n t a l  i n v e s t m e n t  
- f i n a n c i a l  marke t  
- budge t  e x p e n d i t u r e s .  
The FINER model a l l o w s  t h e  a s s e s s m e n t  of a l l  t h e  p o s s i b l e  e n e r g y  p o l i -  
c i e s .  The e q u a t i o n s  a r e  d e r i v e d  f rom e c o n o m e t r i c  s t u d i e s  implemented 
d u r i n g  1950 - 1970.  I n  p a r t i c u l a r  t h i s  s t u d y  i s  conce rned  w i t h  con- 
sumer b e h a v i o r  and u t i l i t y  management. Some s t r u c t u r a l  m o d i f i c a t i o n s  
can  b e  i n t r o d u c e d  by u s i n g  s l a c k  v a r i a b l e s .  
. . 
Summary s u p p l i e d  
'The Model 
S u b j e c t  
and Goal  
System 
D e s c r i b e d  
( i n  F r e n c h )  by t h e  a u t h o r  o f  t h e  model. 
Area  Time 
Space 
M o d e l l i n g  
Techn iques  
I n p u t  D a t a  
Macroeconomic 
S e c t o r a l  
I 
Output  D a t a  
P h y s i c a l  
Economic 
O b s e r v a t i o n s  
I RE LAND 
l ~ h e  Model E. W. Henry  and S. S c o t t ,  1973'b'1, Economic & S o c i a l  R e s e a r c h  
I n s t i t u t e ,  D u b l i n .  
P r i c e  I n c r e a s e  of  Impor t ed  F u e l s .  
To c a l c u l a t e  t h e  e f f e c t  on  s e c t o r a l  p r i c e s  o f  a r i s e  i n  t h e  p r i c e  
of i m p o r t e d  f u e l s ,  e s p e c i a l l y  o i l ,  g i v e n  c e r t a i n  a s s u m p t i o n s .  
I I 
l ~ i m e  1 S t a t i c  mcde l ;  c a l c u l a t e s  t h e  e f f e c t s  of f u e l  p r i c e  r i s e s  i n  1973174.1 Arca 
i System D e s c r i b e d  I The model  c o v e r s  3 3  s e c t o r s  of  t h e  economy i n  an  i n p u t - o u t p u t  f ramework .  I 
I 
Mode 11 i n g  
T e c h n i q u e s  
I n p u t  D a t a  
I 
Outpu t  D a t a  r 
I 
Space  I I r e l a n d .  
O b s e r v a t i o n s  I- 
I n p u t - o u t p u t  p r i c e  mode 1. 0
The 3 3 - s e c t o r  1968  i n p u t - o u t p u t  t a b l e  f o r  I r e l a n d  was d i s a g g r e g a t e d  
t o  g i v e  more d e t a i l :  a n  o i l  r e f i n i n g  s e c t o r  was c o n s t r u c t e d ,  t r a n s -  
p o r t  was d i s a g g r e g a t e d  i n t o  5 t y p e s ,  and i m p o r t s  were  b roken  down 
t o  g i v e  d e t a i l s  of d i f f e r e n t  f u e l  i m p o r t s .  
F o r  any  l e v e l  of  p r i c e  r i s e  of impor t ed  f u e l ,  s e c t o r a l  p r i c e s  a r e  
g i v e n  a s  w e l l  a s  t h e  new c o s t s  of f i n a l  demands,  e . g .  t h e  new c o s t  
of  l i v i n g ,  e t c .  
T h i s  model  can  a c c o u n t  o n l y  f o r  t h e  r i s e s  i n  p r i c e  r e s u l t i n g  f rom 
r i s e s  i n  c o s t s  and c a n n o t  t a k e  i n t o  c o n s i d e r a t i o n  "demand-pull" 
t y p e  p r i c e  r i s e s .  
Sumnary s u p p l i e d  by t h e  a u t h o r  of  t h e  model .  
The Model I K e i c h i  Oshima,  1 9 7 4 ( ~ ~ ) ,  I n d u s t r i a l  R e s e a r c h  I n s t i t u t e ,  Tokyo.  I 
From 1975 t o  2000. 
- 
J a p a n  a s  a  who le .  
Subj  e c  t 
and Goal  
Sys tem 
D e s c r i b e d  
S i m u l a t i o n  model u s i n g  sysLems dynamics .  The s i z e  of t h e  model i s  a s  
f o l l o w s :  9  main  v a r i a b l e s ,  1 6  g rowth  r a t e  v a r i a b l e s  cincl 24 a u x i l i a r y  
v a r i a b l e s .  I n v o l v e d  i n  t h e  model a r e  t h e  f o l l o w i n g  5 f e e d b a c k  l o o p s  
of f l o w .  
1 )  p o s i t i v e  f e e d b a c k  l o o p  of economic growth:  econoniic g rowth  - 
c a p i t a l  s t o c k  - p r o d u c t i v e  c a p a c i t y  - economic  g rowth  - . . .  
2)  n e g a t i v e  f e e d b a c k  l o o p  of e n e r g y  c o s t  ( e n e r g y  demand by i n d u s t r y ) :  
p r o d u c t i v e  c a p a c i t y  - e n e r g y  demand by i n d u s t r y  - t o t a l  e n e r g y  de -  
mand - b a l a n c e  be tween demand and s u p p l y  - e n e r g y  c o s t  - p r o d u c t i v  
c a p a c i t y  - . . .  
3 )  n e g a t i v e  f e e d b a c k  l o o p  of  e n e r g y  c o s t  ( d o m e s t i c  e n e r g y  demand): 
economic growth  - n a t i o n a l  income - e n e r g y  demand  domest ti^:) - 
t o t a l  e n e r g y  demand - b a l a n c e  be tween demand and s u p p l y  - e n e r g y  
c o s t  - p r o d u c t i v e  c a p a c i t y  - economic  g rowth  - ... 
4 )  n e g a t i v e  f e e d b a c k  l o o p  of  p r e v e n t i v e  m e a s u r e s  a g a i n s t  p o l l u t i o n  
( t e c h n i c a l  a s p e c t ) :  r e l e a s e d  p o l l u t a n t s  - r e g u l a t i o n  a n d / o r  i n -  
h a b i t a n t s '  r e a c t i o n  a g a i n s t  p o l l u t i o n  - p r e v e n t i v e  measu re s  - 
r e l e a s e d  p o l l u t a n t s  - . . . 
5)  n e g a t i v e  f e e d b a c k  l o o p  of p r e v e n t i v e  m e a s u r e s  a g a i n s t  p o l l u t i o n  
(economic a s p e c t ) :  e n e r g y  consumpt ion  - r e l e a s e d  p o l l u t a n t s  
( l o o p  4 )  - p r e v e n t i v e  measu re s  - c a p i t a l  s t o c k  ( l o o p s  1 ,  2  and 3 )  
- t o t a l  e n e r g y  demand - e n e r g y  consumpt ion  - . . .  
Energy  U t i l i z a t i o n  i n  t h e  F u t u r e .  
A s i m u l a t i o n  model f o r  a s s e s s i n g  t h e  macrodynamics  
tem i n  J a p a n ,  i n  p a r t i c u l a r  t h e  i m p a c t s  of t h e  i n c r e a s e  i n  c r u d e  o i l .  
p r i c e ,  and of more s t r i n g e n t  r e g u l a t i o n s  on e n v i r o n m e n t a l  p o l l u t i o n ,  
on  t h e  n a t i o n a l  e n e r g y  s y s t e m .  
The s y s t e m  i s  d i v i d e d  i n t o  t h r e e  sub - sys t ems ;  t h e  
m a t i n g  economic growth  i n  t h e  f u t u r e ;  t h e  s u b - s y s t e ~ n  f o r  e s t i m a t i n g  
t r i c t i o n s  on p o l l u t i o n  c a u s e d  by  e n e r g y  consumpt ion .  
e n e r g y  c o s t  b a s e d  upon e n e r g y  demand i n  a c c o r d a n c e  w i t h  e c ~ ~ r i o m i c  growth1 
and upon e n e r g y  s u p p l y  a v a i l a b l e ;  t h e  sub-sys tem f o r  e s t i m a t i n g  t h e  r e -  
Sl~rnniili-y no t  r c v  icwerl b y  Lllc. ; I \ I  L l ~ o t -  o l  1 l l c  ~ l ~ o c l c -   . 







i O u t p u t  Data 
1 
O b s e r v a t i o n s  
The r e l a t i o n s t l i p  be tween v a r i a b l e s  i s  g i v e n  i n  t h e  fo rm o f  t a b l e s ;  e .  g  
t h e  r a t e  of economic growth  i s  r e p r e s e n t e d  b y  t h e  l i n e a r  c o m b i n a t i o n  
of t h e  r a t e s  of c a p i t a l  s t o c k  i n c r e a s e  and of work ing  p o p u l a t i o n  in -  
c r e a s e .  The c o e f f i c i e n t s  a r e  o b t a i n e d  b y  r e g r e s s i o n  a n a l y s i s  f rom t h e  
s t a t i s t i c a l  d a t a  i n  J a p a n  f o r  t h e  p a s t  10 y e a r s .  
Almost  a l l  t h e s e  d a t a  a r e  b u i l t  i n t o  t h e  model ,  b u t  t h e r e  a r e  aome un- 
known p a r a m e t e r s  which  must  be  f i x e d  a c c o r d i n g  t o  t h e  p u r p o s e  of e a c h  
c a l c u l a t i o n :  p r i c e  of c r u d e  o i l ,  q u a n t i t y  of i m p o r t e d  o i l ,  l e v e l  of 
e n e r g y  r e s e r v e ,  t e c h n i c a l  e f f i c i e n c y  of p r e v e n t i v e  measu re s  a g a i n s t  
p o l l u t i o n  and a m e l i o r a b i l i t y  of p r e v e n t i v e  measu re s  r e s u l t i n g  f rom in -  
h a b i t a n t s '  r e a c t i o n  a g a i n s t  p o l l u t i o n  - . 
Every  v a r i a b l e  c a n  b e  d i s p l a y e d  a s  an  o u t p u t  and t h e r e f o r e  i t  s h o u l d  
b e  s e l e c t e d  i n  a c c o r d a n c e  w i t h  t h e  p u r p o s e  of e a c h  c a l c u l a t i o n .  
T h i s  model i s  a  macromodel s i n c e  i t  h a s  o n l y  two s e c t o r s  of e n e r g y  de -  
mand, i . e .  i n d u s t r y  and h o u s e h o l d .  T h i s  makes i t  i m p o s s i b l e  t o  a s s e s s  
t h e  a l l o c a t i o n  of  e n e r g y  t o  i n d i v i d u a l  i n d u s t r i a l  s e c t o r s .  An extendec 
model i s  due  t o  b e  c o n s t r u c t e d .  
JAPAN 
The Model I n s t i t u t e  of Ene rgy  Economics ,  Tokyo,  1973 ( 6  7 )  
------I 
I I O p t i m i z i n g  Ene rgy  A l l o c a t i o n  t o  I n d u s t r i a l  S e c t o r s .  I 
S u b j e c t  i When t h e  l e v e l  of  t o t a l  e n e r g y  demand i s  g i v e n ,  t h e  optimal a l l o c a -  I 
(and ~ Goal  I t i o n  of e n e r g y  i s  c a l c u l a t e d  by t h i s  model f o r  t h e  t a r g e t  f u n c t i o n  I I I m i n i m i z i n g  SO2 p o l l u t a n t  and e n e r g y  s u p p l y  c o s t s .  I I 
Sys t em ( The s y s t e m  c o n s i s t s  of an  I / O  t a b l e  o f  2 2  s e c t o r s ,  e . g ,  o i l  r e f i n e r y  
b e s c r i b e d  I i n d u s t r y  s t r u c t u r e ,  demand s e c t o r s  of o i l  p r o d u c t s  a n d  Cir la l  denland 1 
s e c t o r .  The o p t i m a l  a l l o c a t i o n  and s e l e c t i o n  of e n e r g y  ( e s p e c i a l l y  
o i l  p r o d u c t s  and t h e i r  a l t e r n a t i v e s )  i s  c a l c u l a t e d  by LP me thods .  
-7Area  
JSpace 
M o d e l l i n g  
T e c h n i q u e s  
I n p u t  Da ta  
-- --- 
S i n g l e  y e a r .  
J a p a n  a s  a  who le .  
-- -- -- - 
A  s i m u l a t i o n  model  f o r  i n p u t - o u t p u t  a n a l y s i s  c o n n e c t e d  witb. t h e  
l i n e a r  programming method.  The s i z e  of  t h e  model i s :  J b 8  i P  r o w s ,  
513 n o n - s l a c k  v a r i a b l e s ,  1 , 6 9 0  LP e l e m e n t s ,  d e c s i t y  1.96::. 
- O b j e c t i v e  f u n c t i o n :  m i n i m i z a t i o n  of  c r u d e  o i  1 c o s t  ( i m p o r t e d  
m a t e r i a l  c o s t  + r e f i n i n g - c o s t  + d e s u l f u r i z i n g  c o s t )  
- G e n e r a l  i n d u s t r i a l  s e c t o r :  2 2  s u b s e c t o r s  f o r m i n g  a normal  i n p u t -  
o u t p u t  t a b l e ,  p r o d u c t i o n  a c t i v i t y  b a s e d  on t h e  g i v e n  f i n a l  demand 
l e v e l  
- O i l  r e f i n i n g  s e c t o r :  d e s c r i b e d  a s  a n  o i l  r e f i n e r y  which  p r o d u c e s  
a l l  o i l  p r o d u c t s  f rom moto r  g a s o l i n e  t o  heavy f u e l  o i l .  The 
r e f i n e r y  h a s  4 k i n d s  of p r o d u c i n g  equ ipmen t  and 5  t y p e s  of d e s u l -  
f u r i z a t i o n  p l a n t  
- Demand f o r  o i l  p r o d u c t s :  l i g h t  and medium d i s t i l l a t e s  a r e  con- 
sumed d i r e c t l y  i n  e a c h  i n d u s t r i a l  s e c t o r ,  b u t  f u e l  o i l s  ( m a i n l y  
heavy f u e l  o i l )  a r e  s e l e c t e d  i n  a c c o r d a n c e  w i t h  t h e i r  s u l f u r  con- 
t e n t ;  i . e .  e a c h  s e c t o r  c a n  f r e e l y  s e l e c t  b e t t e r  q u a l i t y  f u e l  t o  
s a t i s f y  e n v i r o n m e n t a l  s t a n d a r d s  
- F i n a l  demand: t h e  a g g r e g a t e  of e x p e n d i t u r e  and  non-hous ing  con- 
s u m p t i o n ,  p r i v a t e  c o n s u m p t i o n ,  government  e x p e n d i t u r e ,  d o m e s t i c  
f i x e d  c a p i t a l  f o r m a t i o n ,  e x c l u d i n g  i n v e n t o r y  and e x p o r t i n g .  
- L e v e l  of f i n a l  demand i n  t h e  e s t i m a t e d  y e a r .  
- C o s t s  and a v a i l a b i l i t y  of impor t ed  c r u d e  o i l .  
- C o s t s  and a v a i l a b i l i t y  of i m p o r t e d  LNG and o i l  p r o d u c t s .  
- F i x e d  and o p e r a t i n g  c o s t s ,  and c a p a c i t y  of d e s u l f u r i z a t i o n  e q u i p -  
ment .  
- E n v i r o n m e n t a l  s t a n d a r d  i n  t h e  e s t i m a t e d  y e a r :  amount of s u l f u r  
p o l l u t a n t .  
- I n p u t  c o e f f i c i e n t s  of e a c h  g e n e r a l  i n d u s t r i a l  s e c t o r  i n  t h e  I / O  
t a b l e .  
- O t h e r  c o e f f i c i e n t s .  
l u b s e r v a t  i o n s  
I I T h i s  model i s  c o n n e c t e d  w i t h  t h e  model f o r  a s s e s s i n g  long - t e rm 
Ou tpu t  D a t a  
e n e r g y  demand. I t s  e x t e n s i o n  and m o d i f i c a t i o n  a r e  unde r  way. 
L e v e l  of  consumpt ion  of o i l  p r o d u c t s  s e l e c t e d  i n  i n d i v i d u a l  s e c t o r s ;  
d e s u l f u r i z a t i o n  c a p a c i t y ;  q u a n t i t y  and q u a l i t y  of i m p o r t e d  o i l  and 
o i l  p r o d u c t s ,  and shadow p r i c e s .  
Summary s u p p l i e d  by  t h e  a u t h o r  of t h e  model .  
JAPAN 
T h e  Model 1 I n s t i t u t e  of  E n e r g y  E c o n o m i c s ,  T o k y o ,  1973  ( 6 8 )  . I I I Long-Term E n e r g y  Demand i n  J a p a n .  I 
T h i s  model  i s  c o n c e r n e d  w i t h  e s t i m a t i r r g  t h e  l e v e l  of  & r o b s  e n e r g y  
demand a n d  i t s  d i s t r i b u t i o n  among e c o n o m i c  s e c t o r s .  The l e v e l  i s  
d e t e r m i n e d  by s u c h  f a c t o r s  a s  t h e  g r o w t h  r a t e  o f  economi( .  , i r t i v i t y ,  
t h e  i n d u s t r i a l  s t r u c t u r e  and  e v a l u a t i o n  o t  ~ n d u s t r l n l  p r o r e s s e s ,  
a n d  e n e r g y  s u p p l y  c o n d i t i o n s .  
-- 
S y s t e m  The s y s t e m  i s  d i v i d e d  i n t o  3 
D e s c r i b e d  e n e r g y  demand and  s u p p l y  s e c t o r ,  a n d  t h e  e n v i r o n m e n t  s e c t o r .  l ' he  
s u b s y s t e m s  a r e  l i n k e d  v i a  t h e  syste111 d y n a m i c s  met i lod .  
--- -- 
Time From 1 9 7 0  t o  2000 .  
A r e a  
--- -- 
S p a c e  J a p a n  a s  a  w h o l e .  
I I 
o d e l l i n g  S y s t e m  d y n a m i c s  model  i n c l u d i n g  1 1 0  a n a l y s i s .  The  s i z r  of  
T e c h n i q u e s  i s  a s  f o l l o w s :  
7  v a r i a b l e s  f o r  l e v e l s ,  1 0  v a r i a b l e s  f o r  r a t e s  and 6 4  a u x i l i a r y  
v a r i a b l e s .  The  f o l l o w i n g  3 f e e d b a c k  l o o p s  a r e  i n v o l v e d  i n  t h e  model :  
- n e g a t i v e  f e e d b a c k  l o o p  of  e c o n o m i c  g r o w t h  d u e  t o  t h e  c o n s t r a i n t  o n  
e n e r g y  s u p p l y  - r a t e  o f  p r i v a t e  i n v e s t m e n t  - GNP - e n e r g y  demand - 
e n e r g y  s h o r t a g e  g a p  - r a t e  o f  p r i v a t e  i n v e s t m e n t .  
- p o s i t i v e  f e e d b a c k  l o o p  o f  e c o n o m i c  g r o w t h  c a u s e d  by t h e  i n v e s t m e n t  
f o r  d e s u l f u r i z a t i o n .  GNP - e n p r g y  c o n s u m p t i o n  - SO2 p o l l u t a n t  - 
i n v e s t m e n t  f o r  d e s u l f u r i z a t i o n  - t o t a l  i n v e s t m e n t  f o r  pol  l u t i o n  - 
GNP. 
- n e g a t i v e  f e e d b a c k  l o o p  o f  SO2 pol  lut : lnt  d u e  t o  t h e  d e s u l f u r i z a t i o n  
p r o c e s s .  R e l e a s e d  p o l l u t a n t  - s t . r n d a r ~ l  o f  a i r  p o l l u t i o n  r e g u l a -  
t i o n  - e n v i r o n m e n t a l  g a p  - i n v e s t m e n t  f o r  d e s u l f u r i z a t i o n  - c a p a c -  
i t y  o f  d e s u l f u r i z a t i o n  f a c i l i t i e s  - e n e r g y  c o n s u m p t i o n  - r e l t a s c d  
p o l l u t a n t .  
The i n d u s t r y  is  d i v i d e d  i n t o  f o u r  s e c t o r s ,  a g r i c u l t u r e ,  h e a v y  i n d u s -  
t r y ,  l i g h t  i n d u s t r y  and  s e r v i c e  i n d u s t r y .  E n e r g y  demands  i n  f o u r  
i n d u s t r i a l  s e c t o r s  and h o u s e h o l d  s e c t o r s  a r e  c a l c u l a t e d  u s i n g  1 1 0  
t e c h n i q u e s .  The e v o l u t i o n  o f  t h e  i n d u s t r i a l  p r o c e s s  i s  s y s t e m a t i c -  
a l l y  e x p r e s s e d .  
I n p u t  D a t a  
Economic 
t n e r g y  
E n v i r o n m e n t  
Main e x o g e n o u s  v a r i a b l e s :  r e f e r e n c e  r a t e  of p r i v a t e  i n v e s t m e n t  
g r o w t h ;  r a t i o  o f  p u b l i c  i n v e s t m e n t l p r i v a t e  i n v e s t m e n t ;  1 1 0  c o c f i i -  
c i e n t s .  
U n i t  o f  e n e r g y  c o n s u m p t i o n ,  a v a i l a b i l i t y  o f  i m p o r t  o i l ,  a l t e r n a t i v e  
s o u r c e  o f  e n e r g y .  
A v e r a g e  S  c o n t e n t  i n  i m p o r t  o i l .  E n v i r o n m e n t a l  s t a n d a r d .  
O u t p u t  D a t a  
Economic 
E n e r g y  
1 E n v i r o n m e n t  
Summary s u p p l i e d  by t h e  a u t h o r  o f  t h e  m o d e l .  
T y p i c a l  o u t p u t  d a t a :  r e a l  GNP a n d  e c o n o m i c  s t r u c t u r e ;  t o t a l  e n e r g y  
c o n s u m p t i o n ;  o i l  c o n s u m p t i o n ;  i n v e s t m e n t  f o r  d e s u l f u r i z a t i o n  f a c i l i -  
t i e s ;  SO2 p o l l u t a n t .  
Growth  r a t e  o f  economy, f i n a l  demands and p r o d u c t s  o f  4 i n d u s t r i a l  
s e c t o r s ,  c o m p o s i t i o n  r a t e  o f  4 i n d u s t r i a l  s e c t o r s .  
E n e r g y  demands  f o r  h o u s e h o l d  and d i f f e r e n t  i n d u s t r i a l  s u b s e c t o r s ;  
s t o c k  p i l e .  
SO2 p o l l u t a n t ,  i n v c s t m e n t  f o r  d e s u l f u r i z a t i o n .  
O b s e r v a t i o n s  T h i s  model  i s  u s e f u l  f o r  s i m u l a t i n g  t h e  
s u p p l y  a n d  t h e  m a c r o e c o n o m i c  s t r u c t u r e ,  b u t  c a n n o t  a s s e s s  t h e  e f f e c t  
of  a n  e n e r g y  p r i c e  i n c r e a s e  o n  t h e  n a t i o n a l  economy. An 110-LP 
model  w i t h  t h i s  a i m  i s  u n d e r  d e v e l o p m e n t  by t h e  I n s t i t u t e .  
SWEDEN 
--- 
The Model 1 l. 0 .  K a r l s s o n ,  1 9 7 3 ' ~ ~ ) .  M i n i s t r y  o f  F inance ,  Stockholm.  I 
I I S V E N  - Swedish Economy 1970-1977. I 
e f f e c t  upon produc t ion ,  employment,  
and Goal t r a d e ,  e t c . ,  generated b y  d i f f e r e n t  k i n d s  o f  disturbances i n  t h e  
supp ly  o f  energy goods. To c a l c u l a t e  t h e  minimum l e v e l  o f  energy  
inpu t  requ i red  t o  reach c e r t a i n  goa l s  o f  economic p o l i c y ,  such as  
employment.  
e scr ibed  
The model (SVEN) i s  a v a r i a t i o n  o f  the  e c o n o n ~ e t r i c  model used i n  
t h e  r e v i s i o n  o f  t h e  1970 medium-term s u r v e y .  Lt shows how d i s t u r -  
bances i n  t h e  supp ly  o f  energy  goods i n f l u e n c e  t h e  economy as a 
whole and t h e  v a r i o u s  branches  o f  i n d u s t r y  and t r a d c ~ ,  and whether  
ga ins  could be made by r e d i s t r i b u t i o n  o f  energy  produc t s ,  e . g .  i n  
t h e  l e v e l  o f  employment.  S i n c e ,  however ,  t h e  model i s  adapted 
from a  macroeconomic model c o n s t r u c t e d  f o r  o t h e r  purposes ,  i t s  
power o f  a n a l y s i s  i s  rat t ier  l i m i ~ e d .  Ln p n r t i c : u l ; ~ r  a11 v : l r i n b l e s  
( e x c e p t  employment)  ;Ire caxprc,sscd a t  1968 ~n;~rkc , t  v :~ luc . s .  
I 
Model l ing / The b a s i c  model f rom which t h i s  model i s  der ived  d e s c r i b e ~ t h f l  
Time 
( ~ e c h n i ~ u e s  ( development  i n  24 product ion s e c t o r s ,  d i s t i n g u i s h i n g  between pub- I 
S t a t i c  model f o r  a p a r t i c u l a r  point  i n  t in ic .  
I 1 l i c  a u t h o r i t i e c  and o t h e r  par t s  o f  the  economy; consumption and 1 
I r e a  / 
space  1 Sweden. 
(1npu t  Data 1 produc t ion  i n  the  pub l i c  s e c t o r  are  determined exc,gcnousl y .  A l so  1 
I - ( gross  i n v e s t m e n t s ,  changes i n  s t o c k s ,  dcvelopmcnt  or  p r o d u c t i v i t y  I 
Output Data and t o t a l  labour supp ly  are  exogenous v a r i a b l e s .  Using t h i s  i n -  
format ion  Lhe model computes f o r  t h e  d i f f e r e n t  s e c t o r s  the  d e v e l -  
opment o f  product ion and employment,  i m p o r t s ,  c x p o r t s  and p r i v a t e  
consumpt ion ,  s u b j e c t  t o  t h e  general  c o n d i t i o n s  o f  macroeconomi~- 
ba lance  ( i n c l u d i n g  a  balance o l  payments r c s t r i c t  i o n )  and f u l l  
employment.  
The core  o f  t h e  model i s  a  s e t  o f  inpu t -ou tpu t  m a t r i c e s  which de -  
s c r i b e s  d e l i v e r y  f l o w s  between t h e  s e c t o r s  o f  t h e  economy. The 
c o e f f i c i e n t s  o f  t h o s e  m a t r i c e s  are  projected i n t o  t h e  f u t u r e ,  i n  
p r i n c i p l e  b y  us ing  t h e  h i s t o r i c a l  t r e n d s  bu t  s u b j e c t  t o  c e r t a i n  
r e s t r i c t i o n s  and i n c l u d i n g  p o s s i b l e  exogenous i n f o r m a t i o n .  Other  
important  components are  a  s e t  o f  impor t  f u n c t i o n s  t o  e x p l a i n  how 
t h e  development  o f  impor t s  i s  i n f l u e n c e d  by d i f f e r e n t  c a t e g o r i e s  
o f  demand, and a  group o f  consumption f u n c t i o n s  t o  d c s c r i b e  demand 
from t h e  household s e c t o r .  The scope f o r  p r i v a t e  consumption as 
a  whole i s  determined r e s i d u a l l y  i n  t h e  b a s i c  model .  
The energy  model (SVEN), developed from t h e  b a s i c  mode l ,  i s  an 
o p t i m i z a t i o n  model w i t h  e i t h e r  t h e  employment l e v e l  or  t h e  energy  
supp ly  as o b j e c t i v e  f u n c t i o n .  P o s s i b l e  s u b s t i t u ~ i o n s  and energy  
s a v i n g s  are  l ed  i n t o  the  model on t h e  b a s i s  o t  exogenous in forma-  
t i o n .  As a  r u l e  c e r t a i n  c o n s t r a i n t s  are  impressed on t h e  l e v e l s  
o f  consumption.  
The model i s  designed t o  d e s c r i b e  some s t r u c t u r a l  f e a t u r e s  
c a s t i n g .  I t  i s  s i m u l t a n e o u s l y  de termined .  
In  a  v e r s i o n  SVEN 2 the  energy model has  been  extended i n t o  32 
s e c t o r s .  The d i s a g g r e g a t i o n  i m p l i e s  t h a t  7  s p e c i f i c  energy  sec-  
t o r s  ( h e a t i n g  o i l s ,  pe t ro l  h y d r o e l e c t r i c  power, thermal  power, gas 
manufac ture  and d i s t r i b u t i o n ,  s team and hot  water  supp ly  and water  
works and s u p p l y )  and 3 s e c t o r s  dependent on o i l  products  ( a s p h a l t  
and l u b r i c a n ~ ,  p l a s t i c s  i n d u s t r y  and ot t ier  chemical i n d u s t r y )  have 
been accounted f o r  s e p a r a t e l y .  
1 1 
Summary suppl ied b y  t h e  aucllor o l  clie modcl.  
economic development  and i s  t h u s  n o t  in tended f o r  shor t - t e rm fare-(  
U . K .  - U.S.A. 
The Model (70)  1968 , U n i v e r s i t y  of 
P a . ;  L.  L'. C r o ~ > k e s ,  1971-1972 ( 7 1 ' 7 2 ' 7 3 ) ,  U . K .  Atomic Ene rgy  A u t h o r i t y ,  H a r w e l l ,  
D i d c o t ,  Be rks .  
T r a d e o f f  Between Energy and GNP. l ~ ~ ~ ~ ~ ~ ~ ~ ~ g y  and Goal demand u s i n g  a  model of t h e  r e l a t i o n s h i p  b z e e n  u s e f u l  e n e r g y  consunip t i  vn and GNP . 
-
' i r nu ln t e s  an a d o p t e d  t h e o r e t i c a l  r e l a t i o n s h i p  be tween  u s e f u l  e n e r g y  con- 
D e s c r i b e d  sumpt ion p e r  c a p i t a  and GNP p e r  c a p i t a .  
I n p u t s  of GNP p e r  c a p i t a  p roduce  o u t p u t s  i n  t h e  form of e s t i m a t e s  of u s e f u l  e n e r g y  
consumpt ion  p e r  1 : a p i t a .  
- - - 
l ~ o d e l  l i n g  ( T h r e e  h y p o t l ~ e s e s  d e r e  adop ted :  --7 
T e c h n i q u e s  - t h a t  a h i g h  l e v e l  of GNP p e r  c a p i t a  i m p l i e s  a  h i g h  l e v e l  of e n e r g y  consumpt ion  
p e r  u n i t  of o u t p u t  and v i c e  v e r s a  
- t h a t  t h e  useLul  e n e r g y  c o e f f i c i e n t  (GNP e l a s t i c i t y  of u s e f u l  e n e r g y  consumpt ion )  
f a l l s  froin i n f i n i t y  t o  1  a s  d c o u n t r y  p a s s e s  t h r o u g h  t h e  v a r i o u s  s t a g e s  of 
economic deve lopmen t  
- t h a t  con tempora ry  c r o s s - s e c t i o n  s t u d i e s  of d i f f e r e n t  c o u n t r i e s  i n  d i f f e r e n t  
s t a g e s  of economic  d e v e l o p m e n t ,  b e c a u s e  t h e y  e x c l u d e  t ime-dependent  e f f e c t s ,  
p roduce  r e s u l t s  t h a t  r e f l e c t  t h e  fundamen ta l  r e l a t i o n s h i p  between u s e f u l  e n e r g y  
and GNP, and n o t ,  f o r  example ,  t h e  e f f e c t s  o f  s u b s t i t u t i o n  of one  f u e l  f o r  
a n o t h e r  o r  t h e  d i f f e r i n g  economic e f f i c i e n c i e s  of t h e  d i f f e r e n t  f u e l s .  
The f o l l o w i n g  r e l a t i o n s h i p  between u s e f u l  e n e r g y  p e r  c a p i t a  (E) and GNP p e r  
c a p i t a  (G) i s  p o s t u l a t e d  (Brookes ) :  
E = AGf ( G )  where. A i s  a  c o n s t a n t  and f  (G) i s  a  s a t u r a t i n g  f u n c t i o n  t e n d i n g  
t o  1  a s  (; t e n d s  t o  i n f i n i t y .  
P a r a m e t e r s  of t h i s  f u n c t i o n  a r e  computed by f i t t i n g  c r o s s - s e c t i o n  d a t a  on e n e r g y  I 
p e r  c a p i t a  and (;NP p e r  c a p i t a  f o r  2 2  c o u n t r i e s  r a n g i n g  i n  economic development  
f rom P a k i s t a n  t o  t h e  U.S.A. 1 6  c r o s s - s e c t i o n s  f o r  t h e  y e a r s  1950 t o  1965 were  I 
t a k e n  t o  e s t a b l i s h  t h e  s t a b i l i t y  of t he  p o s t u l a t e d  r e l a t i o n s h i p .  
The method was f u r t h e r  t e s t e d  by compar ing  model p r e d i c t i o n s  w i t h  t h rough- t ime  
d a t a  f o r  U . K .  and U.S.A. (1946-19703 u s i n g  u s e f u l n e s s  c o e f f i c i e n t s  d e r i v e d  by 
Adams and Miovic t o  c o n v e r t  
F o r  t h e  d c r i v : ~ t i o n  of t h e  model:  
- c r o s s  s e c t i o n  d a t a  of t h e  d i f f e r e n t  f u e l s  used by a  g roup  of c o u n t r i e s  of I 
d i f f e r e n t  economic  development  
- s i m i l a r  c r o s s - s e c t i o n s  o f  d e f l a t e d  GNP 
- p o p u l a t i o n  d a t a ,  t o  d e t e r m i n e  p e r  c a p i t a  e n e r g y  consumpt ion  and p e r  c a p i t a  
GNP i n  c o n s t a n t  d o l l a r s .  
Fo r  n a t i o n a l  and r e g i o n a l  f o r e c a s t s :  
- t i m e  s e r i c s  of f u e l  consumpt ion ,  p o p u l a t i o n  and d e f l a t e d  GNP 
- u s e f u l n e s s  < , o e l t i c i e n t s  t o  c o n v e r t  f u e l  consumpt ion  i n t o  consumpt ion  of u s e f u l  
e n e r g y .  
-- 
For  t h e  dv r iv ' l t  i on  1,f  t h e  model : i 
- a  mathcnut ic . , i l  f u n c t i i l n  l i n k i n g  CNP p e r  c a p i t a  w i t h  u s e f u l  e n e r g y  consumpt ion  I 
p e r  c a p i t d .  
Fo r  f o r e c a s t i n g :  
- e s t i m a t e s  of u s e f u l  e n e r g y  consumpt ion  g i v e n  e s t i m a t e s  of GNP and p o p u l a t i o n .  
T h i s  model h a s  bc3t.1, used f o r  b o t h  n a t i o n a l  and world f o r e c a s t s  of e n e r g y  con- 
sumpt ion  up t i>  thta y ~ a r  2030. 
- - 
Summary s u p p l i e d  by one of tlie , ru t l iors  uf t h e  model.  
U.S.A. 
S u b j e c t  
and Goal  
The Model 
T h i s  model q u a n t i f i e s  i n  p h y s i c a l  u n i t s  t h e  t o t a l  ( d i r e c t  and i n d i r e c t )  e n e r g y  
demand r e s u l t i n g  f rom t h e  p r o d u c t i o n  and m a r k e t i n g  of v a r i o u s  goods  and s e r v i c e s .  
The model is  used t o  o b t a i n  a  d e t a i l e d  breakdown of t h e  e n e r g y  used t o  make a  
consumer  p r o d u c t .  T h r e e  examples  of a p p l i c a t i o n  a r e  g iven :  
- C a l c u l a t i o n  of t h e  t o t a l  e n e r g y  used f o r  t h e  p r o d u c t i o n  of t h e  p r i v a t e  a u t o -  
mob i l e  i n  1963 
- A  c a l c u l a t i o n  o f  t h e  e f f i c i e n c y  of t h e  e n e r g y  s e c t o r  i n  p r o v i d i n g  e n e r g y  t o  
f i n a l  demand 
- A  c a l c u l a t i o n  of t h e  ene rgy  c o s t  of a  k i t c h e n  e l e c t r i c  m i x e r .  
Robe r t  A. Herendeen,  1 9 7 3 ( ' ~ ) ,  Oak Ridge N a t i o n a l  L a b o r a t o r y .  Oak R i d g e ,  Tenn.  
Use of I / O  M a t r i x .  
Area  - 
Space 
Techn iques  
I 
of a  362- sec to r  t e c h n o l o g i c a l  c o e f f i c i e n t s  m a t r i x .  F i v e  of t h e s e  a r e  e n e r g y  
s e c t o r s :  c o a l ,  c r u d e  o i l  and g a s  e x t r a c t i o n ,  r e f i n e d  o i l ,  e l e c t r i c i t y ,  and g a s  
s a l e s .  
T h i s  s t a t i c  model i s  based on 1963 d a t a .  An a t t e m p t  i s  made t o  make i t  u s a b l e  
f o r  1960 and 1970.  
System 
D e s c r i b e d  
U.S.A. a s  a  whole .  I 
The economic s y s t e m  i s  d e s c r i b e d  by t h e  i n p u t - o u t p u t  framework of t h e  Bureau o f  
Economic A n a l y s i s  (B.E.A.) of t h e  US Dep t .  of C o m e r c e .  T h i s  framework c o n s i s t s  
A  t r a n s f o r m a t i o n  i s  used t o  c o n v e r t  t h e  1963 I /O  r e s u l t s  (Tram B.E.A.),  which a r e  
i n  t e r m s  of d o l l a r  s a l e s ,  i n t o  e n e r g y  t e rms .  Thc a u t h o r  u s e s  s t a t i s t i c s  of 
e n e r g y  s a l e s  t o  consumpt ion  s e c t o r s  t o  c a l c u l a t e  r e l e v a n t  e n e r g y  p r i c e  i n d e x e s .  
T h i s  him t o  b u i l d  t o t a l  e n e r g y  c o e f f i c i c n ~ s ,  e . g .  w l ~ i c h  g i v e  tl ie t o t a l  
o u t p u t  o r  t h e  d i r f e r e n t  e n e r g y  s c c t o r s  r ( t ( l t~ i r cd  1-111. t lw  ('(.mlomy t o  d e l i v e r  a  
d o l l a r ' s  wort11 of il g i v e n  p r u d u r t  j L C )  f i n : ~ l  d c n ~ t ~ n d .  'I'IIv h a s i c  cqu; i t ior i  of Lhe 
model is:  
where  
E. = t o t a l  e n e r g y  o u t p u t  of ene rgy-  p r o d u c i n g  s e c t o r  i ;  1 & = t e c h n o l o g i c a l  c o e f f i c i e n t s  m a t r i x ;  I 
Y = f i n a l  demand v e c t o r ;  
- 
1 R . =  - A , .  where  p . .  is  t h e  p r i c e  of e n e r g y  i s o l d  t o  s e c t o r  j ;  
13 P l J  1 1 '  13 
i f  i = j = e n e r g y  s e c t o r  
0  o t h e r w i s e .  
Using t h e  t o t a l  d o l l a r  c o e f f i c i e n t s  ( I  - A ) - ~  t h e  a u t h o r  c a l c u l a t e s  t h e  d o l l a r  
demand of e a c h  s e c t o r  r e s u l t i n g  f rom a  d o l l a r ' s  f i n a l  demand of s e c t o r  j ,  and 
u s e s  t h e  d i r e c t  c o e f f i c i e n t  (A) and p r i c e  ( p )  t o  d e t e r m i n e  t h e  e n e r g y  used by 
e a c h  s e c t o r  t o  meet t h a t  r e q u i r e m e n t  f o r  i t s  o u t p u t .  Summing g i v e s  t h e  t o t a l  
e n e r g y  r e q u i r e m e n t .  
1 
[npu t  Da ta  1 (367 by 357)  s e c t o r  110 model ;  ( 5  by 362)  p r i c e  i n d e x e s  m a t r i x .  
I u t p u t  Da ta  
I b s e r v a t i o n s  
- (5  by 362)  t o t a l  e n e r g y  c o e f f i c i e n t s  m a t r i x .  
- Also  p r o v i d e d  a r e  breakdowns of t o t a l  ene rgy  r e q u i r e m e n t s  by s e c t o r s  f o r  pro-  
d u c t i o n  o f  a p p l i a n c e s  made from purchased  m a t e r i a l :  househo ld  r e f r i g e r a t o r s  
and f r e e z e r s ,  motor  v e h i c l e s  and p a r t s .  
- O t h e r  c a s e  s t u d i e s  c a l c u l a t e  t h e  e n e r g y  impact  of t h e  a u t o m o b i l e  i n  1963  and 
t h e  t o t a l  p r imary  e n e r g y  r e q u ; r e d  t o  d e l i v e r  1  BTU of e n e r g y  o f  v a r i o u s  t y p e s  
t o  f i n a l  demand ( f o r  e a c h  e n e r g y  p roduc ing  s e c t o r ) .  
- Because t h e  B.E.A. I /O t a b l e  i s  based  on t h e  i n d u s t r i a l  e s t a b l i s h m e n t s  and n o t  
on t h e  p r o d u c t s ,  c o r r e c t i o n s  a r e  n e c e s s a r y .  
- To a s s u r e  t h a t  t h e r e  a r e  no l o s s e s  between p r imary  and s e c o n d a r y  e n e r g y  sec -  
t o r s ,  a  r e a l l o c a t i o n  method t o  f i n a l  demand h a s  been used .  
I n  f u r t h e r  work, t!ie a u t h o r  w i l l  s t u d y  t h e  problem of c a p i t a l  goods  n o t  f o r  t h e  
moment l i s t e d  a s  s a l e s  t o  f i n a l  demand ( t h i s  l e a d s  t o  u n d e r e s t i m a t i n g  t h e  t o t a l  
e n e r g y  c o e f f i c i e n t s ) .  I t  would be i n t e r e s t i n g  a l s o  t o  c o n v e r t  f i n a l  demand 
measured i n  p u r c h a s e r ' s  p r i c e s .  
Sumnary n o t  r ev i ewed  by t h e  a u t h o r  of t h e  model.  
U .  S.A. 
The Model I James E. l u s t .  1 9 7 3 ( ~ ~ ) ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  Techno logy ,  Cambridge,  Mass. I' 
I I Energy A n a l y s i s  Us ing  110 M a t r i x .  I 
System b e s c r i b e d  
S u b j e c t  
and Goal  
Time 
- F o r e c a s t i n g  of i m p a c t s  of new e n e r g y  t e c h n o l o g y ,  e . g .  h i g h  and low BTU c o a l  
c a t i o n ,  g a s  t u r b i n e  t o p p i n g  c y c l e .  
- Development of a  g e n e r a l  t o o l  t o r  t e c h n o l o g y  a s s e s s m e n t .  
Space  
Mainly  t h e  economic s y s t e m  e n l a r g e d  by some e n v i r o n m e n t a l  and r e s o u r c e  a s p e c t s  which 
a r e  l i n k e d  t o  t h e  u s u a l  economic v a r i a b l e s .  
1980 - 1985. 
U.S.A. a s  a  whole .  
S t a n d a r d  110 model.  G e n e r a l i z e d  two-period "dynamic" 110  model. The  U .  S. economy i s  
r e p r e s e n t e d  by a n  110 s t r u c t u r e  (104 s e c t o r s ) .  Each new e n e r g y  t echno logy  i s  c h a r a c -  
t e r i z e d  by a  v e c t o r  of t e c h n i c a l  c o e f f i c i e n t s ,  a  v e c t o r  of c a p i t a l  c o e f f i c i e n t s ,  a  
v e c t o r  of a c c e s s o r y  c o e f f i c i e n t s  ( i . e .  a l l  non-economic i m p a c t s  which c a n  be  assumed 
a s  p r o p o r t i o n a l  t o  f i n a l  o u t p u t s ) .  
The I /O  model i s  used t o  compute: 
1 - t h e  economic impact  of  c a p i t a l  e x p e n d i t u r e s  f o r  new t e c h n o l o g i e s  
I I - t h e  impac t  f rom a c t u a l  o p e r a t i o n  of new p l a n t s  u s i n g  t h e s e  t e c h n o l o g i e s  I 
I I - t h e  p r i c e  changes  caused by a  r i s e  i n  c o s t  of  e n e r g y .  I I I The t w o - ~ e r i o d  I /O model,  t h r o u g h  an i t e r a t i v e  p r o c e s s ,  a f f o r d s  a  s e r i e s  of 1985 pro- I 
I E c o l o g i c a l  1 104 x  5 a i r  p o l l u t i o n  c o e f f i c i e n t s .  I 
I n p u t  D a t a  
P h y s i c a l  
Economical 
I 
j e c t i o n s  t h a t  i l l u s t r a t e  v a r i o u s  economic impac t s  of  e n e r g y  u s e  growth and t echno-  
l o g i c a l  change .  
5  s c e n a r i o s  a r e  b u i l t :  
- low, medium %ind h i g h  e n e r g y  u s e  growth r a t e  
- h i g h  ene rgy  u s e  growth r a t e  w i t h  c o a l  g a s i f i c a t i o n  
- h i g h  e n e r g y  u s e  growth r a t e  w i t h  c o a l  g a s i f i c a t ; o n  and g a s  t u r b i n e  t o p p i n g  c y c l e .  
104 x 5  e n e r g y  use  c o e f f i c i e n t s ;  104 x  5  s t e e l  u s e  c o e f f i c i e n t s .  
104 x 6  f i n a l  demand v e c t o r s  f o r  1963,  1970, 1980 
(104 by 104)  t e c h n o l o g i c a l  c o e f f i c i e n t s  m a t r i x  f o r  1963 ,  1970, 1980 
(104 by 104)  c a p i t a l  c o e f f i c i e n t s  m a t r i x  f o r  1963 ,  1970,  1980 
104 employment c o e f f i c i e n t s .  
I n  t h e  1985 p r o j e c t i o n  GNP = 1.34 x  10' $ a t  1958 c o n s t a n t  d o l l a r s .  
Growth r a t e  of  non- investment  e n e r g y - r e l a t e d  f i n a l  demand o v e r  t h e  1980-1985 p e r i o d .  
Summary n o t  reviewed by t h e  a u t h o r  of  t h e  model. 
Output  Da ta  
P h y s i c a l  
Economical 
E c o l o g i c a l  
O b s e r v a t i o n s  
Energy use  by f u e l  t y p e :  c o a l ,  c r u d e  p e t r o l e u m ,  r e f i n e d  p e t r o l e u m ,  n a t u r a l  g a s ,  
e l e c t r i c i t y .  
T o t a l  o u t p u t  by s e c t o r s  (104) ;  employment;  1985 p r o j e c t i o n  o f  f i n a l  demand. 
-- 
- A i r  p o l l u t i o n  e m i s s i o n s :  SO2, CO, NOx,  p a r t i c u l a t e s ,  hydroca rbons  
- G r o s s  wa tc r  u sage  
- C o o l i n g  w a t e r  u sage .  
The model i s  q u a s i - s t a t i c  and l i n e a r .  The consumer r e p r e s e n t a t i o n  i s  weak ( e l a s t i c i -  
t i e s ) .  The d i s a g g r e g a t i o n  of t h e  energy i n d u s t r i e s  i s  i n s u f f i c i e n t ;  p r o g r e s s  cou ld  
be  o b t a i n e d  by: 
- more bench-mark p r o j e c t i o n s  o r  dynamiza t ion  
- more a c c u r a t e  r e g i o n a l i z a t  i on  of i n d u s t r i a l  ene rgy  usage .  
U.S.A. 
The Model I R .  J .  Rahn, ~ 9 7 3 ' ~ ~ ) .  Dar tmouth  C o l l e g e ,  Hanover ,  N .  H .  
S u b j e c t  
and Goal  
Sys tem 
D e s c r i b e d  r- 
Dynamic Model of Energy and Economic Growth. 
The pu rpose  of t h e  model i s  t o  d e s c r i b e  t h e  l ong - t e rm i n t e r a c t i o n  of d e t e r m i n a n t s  
of e n e r g y  s u p p l y  and demand i n  t h e  US economy. The main q u e s t i o n s  w e r e :  what  i s  
t h e  most l i k e l y  p a t t e r n  of t h e  t o t a l  e n e r g y  consumpt ion  d u r i n g  t h e  t r a n s i t i o n  
f rom f o s s i l  f u e l s  t o  u l t i m a t e  e n e r g y  s o u r c e s ,  and what i s  t h e  r o l e  of d o n ~ e s t i c  
c o a l  r e s e r v e s  a s  a  t r a n s i t i o n  f u e l  s o u r c e ?  The model i s  n o t  a f o r e c a s t i n g  t o o l ;  
i t s  aim i s  t o  p r o j e c t  p o s s i b l e  b e h a v i o r a l  modes of t o t a l  e n e r g y  consumpt ion  o v e r  
t h e  n e x t  30-50 y e a r s ,  and t o  t e s t  s e v e r a l  p o l i c i e s  f o r  t h e i r  e f f e c t s  upon t h e  
t r a n s i t i o n  p r o c e s s .  
--- 
The model i s  b a s e d  on t h e  f o l l o w i n g  5  a s s u m p t i o n s :  
- Domest ic  r e s o u r c e s  of c o a l ,  o i l  and n a t u r a l  g a s  which c o v e r  major  e n e r g y  
r e q u i r e m e n t s  
- U l t i m a t e  e n e r g y  s o u r c e s  e s s e n t i a l l y  i ndependen t  of d e p l e t a b l e  f u e l  r e s o u r c e s  
a r e  deve loped  and used a f t e r  t h e  p r i c e  o f  f o s s i l  f u e l s  r i s e s  
- The i n d i c a t e d  e n e r g y  consumpt ion ;  t h e  amount of e n e r g y  t h e  economy would con- 
sume a t  c u r r e n t  p r i c e s  is  a  f u n c t i o n  of p o p u l a t i o n  and income a s  measured by 
i n d u s t r i a l  o u t p u t  p e r  c a p i t a  
- Economic g rowth  i s  d e s c r i b e d  by  a  mod i f i ed  Harrod-Domar c a p i t a l - g r o w t h  model 
- Restrictions on  e n e r g y  p r o d u c t i o n  c a p a c i t y  due t o  f o s s i l  f u e l  d e p l e t i o n  o r  
d e l a y s  i n  d e v e l o p i n g  u l t i m a t e  s o u r c e s  may r e d u c e  t h e  economic  o u t p u t .  
The b a s i c  s t r u c t u r e  of t h e  model i s  g i v e n  by 4 f e e d b a c k  l o o p s  d e s c r i b i n g  t h e  
i n t e r r e l a t i o n s h i p  between t h e  main v a r i a b l e s  of t h e  model :  e n e r g y  r e q u i r e m e n t s ,  
f o s s i l  f u e l  r e s o u r c e s ,  p r o d u c t i o n  c a p a c i t y  o f  f o s s i l  f u e l  e n e r g y  i n d u s t r i e s ,  
p r o d u c t i o n  c a p a c i t y  o f  u l t i m a t e  e n e r g y  s o u r c e s ,  a v e r a g e  e n e r g y  p r i c e ,  p r o d u c t i o n  
c a p a c i t y  p e r  u n i t  of c a p i t a ,  i n d u s t r i a l  o u t p u t  and p o p u l a t i o n .  The model ex- 
p l i c i t l y  t a k e s  i n t o  a c c o u n t  o n l y  2  e n e r g y  s o u r c e s ,  t h e  u l t i m a t e  e n e r g y  s o u r c e s  
and t h e  d o m e s t i c  f o s s i l  f u e l  r e s o u r c e s ,  wh ich  a r e  a n  a g g r e g a t i o n  of t b e  d o m e s t i c  
o i l ,  n a t u r a l  g a s  and c o a l  r e s o u r c e s .  
I 
Time 
C r e a  
The t i m e  h o r i z o n  e x t e n d s  f rom 1950 t o  2050 s i n c e  t h e  t i m e  n e c e s s a r y  f o r  a  com- 
p l e t e  change  of c a p i t a l  and t e c h n o l o g y  i n  e n e r g y  i n d u s t r i e s  t a k e s  of t h e  o r d e r  
I n p u t  D a t a  
- i s  v e r y  s e n s i t i v e  t o  changes  i n  t h e  b a s i c  growth p a r a m e t e r s ,  a v a i l a b i l i t y  of 
f o s s i l  f u e l  r e s o u r c e s ,  c o s t  of u l t i m a t e  s o u r c e  d e v e l o p m e n t s ,  d e l a y s  i n  r e a d i n g  
t h e  economic s i g n a l s  o f  i n c r e a s i n g  r e s o u r c e  s c a r c i t y  and i n  a c q u i r i n g  u l t i m a t e  
e n e r g y  s o u r c e  c a p a c i t y .  
1 30-50 y e a r s .  
The i n i t i a l  v a l u e s  of t h e  l e v e l s  o f  e . g .  p o p u l a t i o n ,  f o s s i l  f u e l  r e s o u r c e s ,  i n -  
d u s t r i a l  c a p i t a l ,  u l t i m a t e  s o u r c e  e n e r g y  c a p i t a l ,  f o s s i l  f u e l  e n e r g y  c a p i t a l ,  
and t h e  r e l a t i o n s h i p s  between c e r t a i n  v a r i a b l e s  of t h e  model which a r e  d e s c r i b e d  
by  t a b l e  f u n c t i o n s ,  e . g .  i n d i c a t e d  e n e r g y  consumpt ion  p e r  c a p i t a  f rom t h e  e n e r g y  
p r i c e .  
Ou tpu t  D a t a  
-- 
J b s e r v a t i o n s  
Summary n o t  reviewed by t h e  a u t h o r  o f  t h e  model 
Space  
M o d e l l i n g  
Techn iques  
- -- . - . - 
The o u t p u t  d e s c r i b e s  t h e  dynamic b e h a v i o r  of t h e  s y s t e m  v a r i a b l e s  c o r r e s p o n d i n g  
t o  t h e  d i f f e r e n t  p o l i c i e s  t o  b e  t e s t e d .  
- - - . - - 
The model 
- e x c l u d e s  e x p l i c i t  c o n s i d e r a t i o n  of t h e  i s s u e s  s u r r o u n d i n g  e n e r g y  i m p o r t s  
- a g g r e g a t e s  t h e  d o m e s t i c  f o s s i l  f u e l s  i n t o  one  r e s o u r c e ,  s o  t h a t  s u b s t i t u t i o n  
between p e t r o l e u m ,  n a t u r a l  g a s  and c o a l  c a n  n o t  be  s t u d i e d  
- i g n o r e s  t h e  dynamics  o f  i n t e r s e c t o r a l  and i n t e r - f u e l  demand and s u p p l y  
- d o e s  n o t  t a k e  e n v i r o n m e n t a l  p rob lems  i n t o  a c c o u n t  
I 
U.S. a s  a  who le .  
Feedback l o o p s  a r e  t h e  b a s i c  s t r u c t u r a l  e l e m e n t s .  The s y s t e m  dynamic  a p p r o a c h p  
i s  used  t o  d e s c r i b e  t h e  i n t e r r e l a t i o n s h i p s  between t h e  e l e m e n t s  o f  t h e  model.  
U.S.A. 
. 'hc Model 
jub jec t  
~ n d  Goal 
' ec  hniques  
nput  Da ta  
I u t p u t  Da ta  
I b s e r v a t i o n s  
P.  K. V e r l e g e r ,  1 9 7 3 ( 7 7 ) ,  D a t a  Resources ,  I n c . ,  Lex ing ton ,  Mass. 
R e l a t i o n s h i p  Eetween Macroeconomic A c t i v i t y  and Energy Consumption. 
T h i s  model i s  p a r t  of a  more g e n e r a l  one a s  f o l l o w s :  
- An a g g r e g a t e  supply-demand economet r i c  model of t h e  U.S. economy which 
i n c o r p o r a t e s  t h e  f lows  of l a b o r ,  c a p i t a l ,  e n e r g y ,  e t c .  T h i s  model i s  
s t i l l  i n  t h e  development s t a g e  and d i s c u s s e d  h e r e .  
- A model r e f e r r e d  t o  a s  a n  energy  b a l a n c e  model, which p r o v i d e s  a  frame- 
work f o r  t h e  a n a l y s i s  of ene rgy  s u p p l y ,  demand, and p r i c e s ,  g i v e n  a  
p r o j e c t i o n  of economic a c t i v i t y .  
- 
The energy  b a l a n c e  model i s  d i v i d e d  i n t o  3  s e c t o r s :  
- a  s e t  of b r i d g e  e q u a t i o n s  used t o  r e l a t e  demands by t h e  economy f o r  
ene rgy  t o  p h y s i c a l  demands 
- a  s e t  of e n e r g y  p r o d u c t i o n  f u n c t i o n s  t h a t  t r a n s l a t e  t h e s e  demands i n t o  
f u e l  r e q u i r e m e n t s  
- a  s e t  of p h y s i c a l  supp ly  f u n c t i o n s  f o r  f u e l s .  
Only t h e  f i r s t  2 p a r t s  a r e  d i s c u s s e d ;  t h e  3rd  i s  s t i l l  b e i n g  d e v e l o p e d ,  
H i s t o r i c a l  s i m u l a t i o n  from 1948-1971; p r o j e c t i o n  t o  1980.  
U.S. a s  a  whole.  
The energy  demand supp ly  e q u a t i o n s  a r e  economet r i c  e q u a t i o n s .  For  t h e  
demand, t h e  a u t h o r  u s e s  r e l a t i o n s  developed by Houthakker and T a y l o r :  
p e r  c a p i t a  consumption i s  e x p l a i n e d  i n  terms of r e l a t i v e  p r i c e s  and p e r  
c a p i t a  p e r s o n a l  consumption e x p e n d i t u r e  ( w i t h  lagged v a r i a b l e s ) .  The 
supp ly  e q u a t i o n s  s o  f a r  o n l y  i n v o l v e  t h e  e l e c t r i c  u t i l i t y  s e c t o r .  The 
e q u a t i o n s  a r e  f i t t e d  by m u l t i l i n e a r  r e g r e s s i o n  a n a l y s i s .  
Demand : 
- p e r  c a p i t a  consumption e x p e n d i t u r e s  
- r e l a t i v e  p r i c e  of energy (measured a s  t h e  r a t i o  of t h e  d e f l a t o r  f o r  
ene rgy  consumption t o  t h e  d e f l a t o r  f o r  t o t a l  consumption) 
- i m p l i c i t  d e f l a t o r  f o r  consumption of e l e c t r i c i t y  and n a t u r a l  g a s .  
Supply:  
- househo ld ,  i n d u s t r i a l  and t r a n s p o r t a t i o n  e l e c t r i c a l  consumption 
- t r a n s m i s s i o n  l o s s  
- n u c l e a r  i n v e s t m e n t s  
- f u e l  p r i c e  a n d  p r i c e  of t h e  minimum c o s t  f u e l  ( n a t u r a l  g a s )  
- dummy v a r i a b l e s .  
Energy consumption i n  t h e  household  commercial s e c t o r :  
- consumption of ene rgy  p e r  c a p i t a  
- consumption of e l e c t r i c i t y ,  n a t u r a l  g a s  and p e t r o l e u m  p r o d u c t s  
- consumption of c o a l  ( e x p l a i n e d  by e x t r a p o l a t i o n )  
- s h o r t  and long run income e l a s t i c i t y ,  p r i c e  e l a s t i c i t y .  
E l e c t r i c i t y  s u p p l y  c a l c u l a t e d  from t h e  demand and t r a n s m i s s i o n  l o s s  
minus impor t s  by t r e n d  e x t r a p o l a t i o n :  
- o u t p u t  from n u c l e a r  g e n e r a t i o n  s o u r c e s  and hydro-product ion 
- p r o d u c t i o n  by f o s s i l  f u e l  g e n e r a t i o n  
- s h a r e s  of t h e  d i f f e r e n t  t y p e s  of f o s s i l  f u e l ,  o b t a i n e d  by c o n s i d e r i n g  
t h e  s h a r e  of f u e l  f ' s  g e n e r a t i o n  r e l a t i v e  t o  t h e  g e n e r a t i n g  c a p a c i t y  
s h a r e  of f u e l  f ( Q f / Q ) /  (Kf/K) = F ( p r i c e s  of f ,  p r i c e  of t h e  minimum 
c o s t  f u e l ) .  
These models of supply  and demand a r e  incomple te  and p r e l i m i n a r y ;  numer- 
ous  improvements a r e  p lanned .  A l a r g e  p a r t  of t h i s  paper  i s  devo ted  t o  
p r e s e n t i n g  t h e  a u t h o r ' s  i d e a s  on t o  t h e  c o n s t r u c t i o n  of a  g e n e r a l  ene rgy  
model i n t e n d e d  t o  l i n k  t h e  energy  s e c t o r  w i t h  t h e  economy a s  a  whole.  
MODELS CLASS F 

F.R.G. 
lThe Model I A. Yoss ,  1 9 7 3 ( ~ ~ ) ,  K e r n f o r s c h u n g s a n l a g e  J i i l i c h .  
D e s c r i b e d  IP=--l- 
A n a l y s i s  o f  t h e  System Man-Energy-Environment. 
The model i s  a n  app roach  t o  a n  o v e r a l l  a n a l y s i s  of  t h e  s y s t e m  
man-energy-environment  and c . o n s i d e r s  economic ,  e c o l o g i c a l  and 
t e c h n o l o g i c a l  a s p e c t s .  I t  h a s  been  d e v e l o p e d  t o  show p o s s i b i l i -  
t i e s  of a  l o n g  t e r m  development  of  t h e  w o r l d ' s  e n e r g y  s y s t e m ,  
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  embedding ,  and a ims  a t  a  q u a n t a t i v e  
d e s c r i p t i o n  of a l t e r n a t i v e  e n e r g y  s u p p l y  s t r a t e g i e s  by e v a l u a t i n g  
t h e  p o s i t i v e  and n e g a t i v e  e f f e c t s  o f  s a t i s f y i n g  e n e r g y  demand and 
p r o v i d i n g  i t s  s u p p l y  s y s t e m s .  The d e s c r i p t i o n  of s u b s t i t u t i o n  
mechanisms be tween p r i m a r y  e n e r g y  s o u r c e s  i s  emphas i zed .  
The i n t e r a c t i o n s  be tween  t h e  e n e r g y  s y s t e m  and t h e  env i ronmen t  
a r e  d e s c r i b e d  i n  5 s e c t o r s :  p o p u l a t i o n  s e c t o r ,  e n e r g y  s e c t o r ,  
non-renewable  r e s o u r c e  s e c t o r ,  i n d u s t r i a l  p r o d u c t  i o n  s e c t o r ,  
p o l l u t i o n  s e c t o r .  
The deve lopmen t  w i t h i n  t h e  i n t e r a c t i o n s  be tween s e c t o r s  d e t e r -  
mines  t h e  development  o f  t h e  o v e r a l l  s y s t e m  and t h u s  t h a t  of  
e n e r g y  demand. B e s i d e s  t h e  e f f e c t s  of  e n e r g y  consumpt ion  and ex-  
p l o r a t i o n  of new e n e r g y  r e s o u r c e s ,  t h e  e n e r g y  s e c t o r  o f  t h e  model  
d e s c r i b e s  s u b s t i t u t i o n  among p r i m a r y  e n e r g y  s o u r c e s .  
F o r  t h e  r e p r e s e n t a t i o n  of s u b s t i t u t i o n  dynamics  a  d i f f e r e n t i a l  
e q u a t i o n  s t a t e m e n t  i s  u s e d ,  w h e r e a s  t i m e - v a r i a b l e  c a u s a l  f a c t o r s  
of s u b s t i t u t i o n  ( e n e r g y  c o s t s ,  a v a i l a b i l i t y ,  c h a r a c t e r i s t i c s  of  
u s e )  a r e  d e s c r i b e d  by  a  u t i l i t y  f u n c t i o n .  
The  t i m e  h o r i z o n  i s  f rom 1 9 0 O t o  2100. 
It i s  a  w o r l d  model ;  n o  r e g i o n a l  d i s a g g r e g a t i o n .  
Area  
Model l i n g  
T e c h n i q u e s  
Time 
Space  
The model u s e s  s i m u l a t i o n  t e c h n i q u e s .  The dynamic  i n t e r a c t i o n s  
and  t h e  f e e d b a c k  l o o p s  a r e  d e s c r i b e d  by t h e  s y s t e m  dynamics  
a p p r o a c h  (deve loped  by J.W. F o r r e s t e r ) .  
I n p u t  D a t a  
Ou tpu t  D a t a  
Summary s u p p l i e d  by t h e  a u t h o r  of t h e  model .  
As t h e  model i s  a  c l o s e d  c y b e r n e t i c  s i m u l a t i o n  mode l ,  t h e  i n i -  
t i a l  v a l u e s  of t h e  s t a t e  v a r i a b l e s  and c e r t a i n  f u n c t i o n a l  r e l a -  
t i o n s h i p s  must  b e  d e s c r i b e d .  Some of t h e  most  i m p o r t a n t  func -  
t i o n s  a r e :  
- b i r t h  and d e a t h  r a t e s  v s .  m a t e r i a l  s t a n d a r d  of l i v i n g  
- p r i m a r y  e n e r g y  p r o d u c t i o n  c o s t s  v s .  c u m u l a t i v e  p r i m a r y  e n e r g y  
consumpt ion  
- e n e r g y  consumpt ion  p e r  c a p i t a  v s .  m a t e r i a l  s t a n d a r d  o f  l i v i n g  
- r e d u c t i o n  of  e n v i r o n m e n t a l  b u r d e n s  v s .  c o s t  r e q u i r e m e n t .  
The deve lopmen t  i n  t i m e  of  v a r i a b l e s  s u c h  a s  p o p u l a t i o n ,  e n e r g y  
c o n s u m p t i o n ,  e n e r g y  r e s e r v e s ,  s h a r e s  of i n d i v i d u a l  e n e r g y  
c a r r i e r s  i n  t h e  e n e r g y  s u p p l y ,  i n d u s t r i a l  p r o d u c t i o n  envi ronmen-  
t a l  b u r d e n s ,  raw m a t e r i a l  consumpt ion .  
O b s e r v a t i o n s  The model i s  a  s t r a t e g y  r a t h e r  t h a n  a  f o r e c a s t  model .  I t  shows 
a  h i g h  d e g r e e  of a g g r e g a t i o n  and u s e s  g l o b a l  a v e r a g e s .  S t u d i e s  
on t h e  d i s a g g r e g a t i o n  i s  s p a c e  and  t h e  d i f f e r e n t i a t i o n  of  t h e  
env i ronmen t  s e c t o r  a r e  u n d e r  way. 
l ~ h e  Model 1 I n t e r n a t i o n a l  S t u d y  Group on t h e  LINK System (L.R. K l e i n ,  I 
1 U n i v e r s i t y  o f  P e n n s y l v a n i a ,  P h i l a d e l p h i a ,  P a . ) ,  1973 (79)  I I I I n t e r n a t i o n a l  L inkage  of N a t i o n a l  Economic Models .  I 
m u l t i p l i e r s  t o  s t u d y  e f f e c t s  of a l t e r n a t i v e  n a t i o n a l  p o l i c i e s ,  
and t o  s i m u l a t e  v a r i o u s  exchange  r a t e  c o n f i g u r a t i o n s .  
S u b j e c t  
and Goal 
The LLNK s y s t e m  was deve loped  f o r  f o r e c a s t i . n g  and p o l i c y  a n a l y s i s  
i n  wor ld  t r a d e .  It h a s  b e e n  u s e d  t o  e s t i m a t e  some i n t e r n a t i o n a l  
Sys tem 
D e s c r i b e d  
Area  
Space I Whole wor ld  t r a d e  sys t em.  
The LINK s y s t e m  c o n s i s t s  of  s e p a r a t e  models  f o r  13  c o u n t r i e s  
(deve loped  and d e v e l o p i n g ) ,  r e g i o n a l  models  f o r  4  d e v e l o p i n g  
a r e a s ,  and some e q u a t i o n s  i n  r educed  fo rm f o r  12 deve loped  coun- 
t r i e s .  -7 
Time 
I I 
Mode l l ing  1 The LINK a l g o r i t h m  works a s  f o l l o w s :  ----I 
LINK c a l c u l a t i o n s  c a n  b e  made a t  v a r i o u s  t i m e  d u r i n g  
I f  t h e r e  a r e  mean ingfu l  exogenous  i n p u t s  f o r  t h e  s e p a r a t e  models  
i t  i s  p o s s i b l e  t o  o b t a i n  r e a s o n a b l e  model s o l u t i o n s  o v e r  m u l t i -  
v e a r  h o r i z o n s  . 
- 
T e c h n i q u e s  S t e p  1: Each n a t i o n a l  model makes a  b e s t  e s t i m a t e  o f  l o c a l  i n -  
p u t s  and s u b m i t s  t h a t  f o r  a  c o n t r o l  s o l u t i o n  t o  LINK 
C o n t r o l .  
S t e p  2: A l l  n a t i o n a l  models  w i t h  t h e  i n p u t s  needed f o r  s o l u t i o n  
a r e  loaded i n  t h e  LINK computer  f i l e .  
S t e p  3 :  Impor t  and e x p o r t  p r i c e s  of p r o d u c t s  f o r  e a c h  n a t i o n a l  
model a r e  c o n v e r t e d  t o  merchand i se  o n l y ,  FOR v a l u a t i o n ,  
i n t o  c r ~ r r e n t  U.S. $. 
S t e p  4 :  E x p o r t s  a r e  computed f rom a  t r a d e  s h a r e  m a t r i x  m u l t i -  
p l i e d  i n t o  t h e  computed v e c t o r  and a d j u s t e d  f o r  p r i c e  
e f f e c t s  a s  i n  t h e  e q u a t i o n  below: 
X 7 3 $ = A . M 7 3 $  
where :  X 73 $ i s  e x p o r t s  i n  1973 US D o l l a r s  
M 73  $ is  i m p o r t s  i n  1973 US D o l l a r s  
A i s  t h e  t r a d e  s h a r e  m a t r i x .  
S t e p  5:  Impor t  p r i c e s  of  e a c h  c o u n t r y  a r e  r e - e v a l u a t e d  f rom 
column we igh ted  sums of changes  i n  computed e x p o r t  
p r i c e s  of t h e  o t h e r  c o u n t r i e s .  
S t e p  6: N a t i o n a l  models  a r e  s u c c e s s i v e l y  r e s o l v e d  w i t h  new i n p u  
v a l u e s  f o r  e x p o r t  and i m p o r t  p r i c e s  d e t e r m i n e d  i n  s t e p s  
4  and 5 .  1 
S t e p  7 :  S t e p s  3-6 a r e  r e p e a t e d  w i t h  new s o l u t i o n  v a l u e s  and r e -  
i t e r a t e d  u n t i l  t h e  t o t a l  volume of wor ld  i m p o r t s  i n  
c u r r e n t  $ no l o n g e r  change  on s u c c e s s i v e  i t e r a t i o n s .  
- 
I n p u t  D a t a  Exchange r a t e s ,  FOB/CIF r a t i o s ,  p o r t i o n  of goods  and s e r v i c e s ,  
depend ing  on u n i t  u sed  i n  n a t i o n a l  models ;  i m p o r t  and e x p o r t  
q u a n t i t i e s  and p r i c e s  of  t h e  v a r i o u s  n a t i o n a l  models .  
Ou tpu t  D a t a  
Summary n o t  rev iewed by t h e  a u t h o r  of  t h e  model .  
I n f l a t i o n  r a t e s ,  growth  r a t e s ,  e x p o r t  b i l l s ,  impor t  b i l l s  f o r  
e a c h  c o u n t r y  i n  t h e  LINK sys t em.  
I I O b s e r v a t i o n s  The LINK s y s t e m  c a n  b e  v e r y  u s e f u l  f o r  wor ld  e n e r g y  m o d e l l i n g .  
M .  M r s a r o v i c ,  1974('") , Cast, W ~ s L e r l i  R e s e r v e  U n i v e r s i t y ,  C l e v e l a n d ,  Ohic,, U.S.A., I 
E.  Y e s t e l ,  T e c h n i s c l r t .  I l n i v c r s i t z t  H;lnnover,  F.K.(;.  
E n e r g y  Models  o f  t h e  E l u l t i l e v e l  Wvrld Model P r o j e c t .  
O n l y  t h e  e n e r g y  s u h ~ ~ o d c l  of t h e  m u l t i l r v e l  w o r l d  model  i s  s u m m a r i z e d  h e r e .  I t  i s  d i v i d -  
ed  i n t u  3 s u b - m o d e l s :  e n e r g y  r e s o u r c e  m o d e l ,  t h e  demand m o d e l ,  t h e  e n e r g y  s u p p l y  m o d e l .  
T h e s e  s ~ r b - m o d e l s  a r e  t o  b e  c o n n e c t e d  w i t h  t h e  s u b - m o d e l s  s t u d y i n g  t h e  p o p u l a t i o n ,  economy 
a n d  e n v i r o n m e n t a l  s y s t e m s .  T h e  main  g o a l  o f  t h i s  model  i s  n o t  t o  f o r e c a s t  b u c  t o  a i d  
i n  d e c i s i o n - m a k i n g  and s e r v e  a s  a  t o o l  f o r  b u i l d i n g  s c e n a r i o s .  
-- 
The w o r l d  i s  d i v i d e d  i n t o  IO r e g i o n s .  
'The f i r s t  modcl e s t i m a t v s  t h e  r e g i o n a l  a n d  ' , . i l  p r ~ m a r y  e n e r g y  r e s o u r c e s  and  s i m u l a t e s  
t h e  e n e r g y  r i , s t ) u r c e  e x p l o i t a t i o n  i n  o r d e r  L O  I c ~ o k  a t  t h e  i m p a c t  o f  e x t r a c t i o n  r a t e s  and 
r e c o v e r y  f a c t o r  o n  r e s e r v e s .  
The  s e c o n d  miidel e s t i m a t e s  r e g i o n a l  p r i m a r y  e n e r g y  demand,  u s i n g  2  a p p r o a c h e s ,  One i s  
s p e c i f i c  b y , r c g i u r i ,  i ~ ~ r  e a c h  o f  w h i c h  7  t y p e s  o f  r e l a t i o n s h i p  a r e  a i i a l y z e d .  T n e  secorrd 
i s  a  " g e r i e r l c  a p p r o a c h " ,  w h e r e i n  t h e  a u t h o r s  t r y  t o  f i n d  g e n e r a l  l a w s .  They  u s e  t h e  same 
b a s i c  r e l a t i o n s h i p s  b u t  t h e  r e s p e c t i v e  c o e f f i c i e r ~ t s  w e r e  cons ider* . !  a s  f u n c t i o n s  o f  
c l i a n g e s  i n  t i r e  I t , v e l  o f  c c u u L > m i c  d e v e l o p m e n t .  
The  t h i r d  model  p r e s e n t s  n  d e t a i l e d  s i m u l a t i o n  f u r  t , n e r g y  s u p p l y .  I t  t r a c e s  t h e  e n e r g y  
f l o w  f r o m  p r i m a r y  i n p u t  t h r u u g h  c o n v e r s i o n  t o  s e ~ o n d a r y  e n e r g y  a n d  f i n a l l y  t o  d i s t r i b u -  
t i o n  L O  L ~ P  u s e r .  I t  3 1 5 0  c o m p u t e s  e n e r g y  and  i n v e s t m e n t  c o s t s  and  w a s t e d  e n e r g i e s .  At  
t h i s  t i m e  t h i s  sub-modt.1 g i v e s  r e s u l t s  o ~ i y  f o r  t h e  U . S . ,  W e s t e r n  E u r o p e  a n d  t h e  M i d d l e  
E a s t .  
H o r i z o n  2 0 2 5  ( p , ~ s L  d a t a  u s c t  a r e  t a k e n  i n  t h e  t i m e  p e r i o d  1 9 5 0 - 1 9 6 5 ) .  
. -- 
World d i v i d e d  i n t c  1 0  r e g i o n s :  N o r t h  A m e r i c a ,  W e s t e r n  E u r o p e ,  J a p a n ,  r e s t  o f  d e v e l o p e d  
l i : is tc,rn I . u r ~ i p e ,  L a t i n  A m e r i c a ,  M i d d l e  E a s t ,  Main A f r i c a ,  S o u t h  E a s t  A s i a ,  C h i n a .  
T l ~ c  3 m o d e l s  a r e  n u t  d i r c r t l y  c o n n e c t e d  a t  p r e s e n t .  L i n k a g e  h a s  s o  f a r  b e e n  o f f - l i n e :  
t l ~ c  t i r ~ i ~ ,  s c , r i c s  o u t p u t  o f  o n e  model ( e . g .  e n e r g y  demand)  h a s  b e e n  u s e d  a s  i n p u t  f o r  
anc>t l i~xr  ( c . g .  c r l c r g y  s u p p l y  n ~ c i d e l ) .  
K ~ , s , r u r ~ . ~ ,  Plri<li,l , 1l iv i~1c .d  i n [ < )  2 s ~ u d i c s :  
. -- -- . -- - -
- . I  s t . 1 1  i s l  ic .11 L , C I O I - L  L < I  c . o ~ i ~ l ~ i  I c  t l ~ c ,  l e v c ~ l  o f  Lhe d i r r e r e n t  r e s e r v e s  of raw m a t e r i a l .  
'1.11~. ; i u L l ~ o r s  . ~ d o l i ~ c , d  L I I C  t ( , ~ - n ~ i n o l o g y  01 McKelvcy  [ " ~ i n e r a l  R e s o u r c e  E s t i m a t e s  a n d  P u b l i c  
l ' o l i ~ . ~ "  - A ~ ! r c r i < , ~ n  Sc i c n t i s t  - J a n .  - F e b .  1 9 7 2 1 ,  who d i s t i n g u i s h e s  t h e  l e v e l s  o f  r e -  
s e r v e s  . r c c n r d i l r g  t o  Llrc dchgrcc o f  c e r t a i n t y  and  t h e  f e a s i b i l i t y  o f  r e c o v e r y  
- a s i m 1 1 1 ; i t i o n  o f  t h e  e x p l o i t ; ~ t i o r i  o f  raw m a t e r i a l s ,  c o n s i d e r i n g  t h e  f a c t o r s  i n f l u e n c i n g  
t l i c  s u p p l y :  p r < ~ d u c t i o n  r a t e  nnd i m p a c t  of new t e c h n o l o g i e s  o f  e x p l o i t a t i o n .  
Dc.nland E l ~ i d c l :  7 p l a u s i b l e  r e l a t i o n s h i p s  a r e  made a n d  t e s t e d  a g a i n s t  a v a i l a b l e  p a s t  d a t a ;  
& . ~ r c  1 i n c ; l r  f r ~ n c t i u n s  b e ~ w c r n  e n e r g y  and  g r o s s  r e g i o n a l  p r o d u c t  (GRP),  3  u s e  t h e  e l a s -  
t i c i t y  betwecrr  e n e r g y  ; ~ n d  CRP. T h e  l i n e a r  o r  t h e  e l a s t i c i t y  c o e f f i c i e n t s  a r e  e i t h e r  
f u n c . ~ i o n s  of ~ i n w  o r  c u , i s t , i n t s .  
N o t e  t h . ~ t  o r ~ l y  t h e  t o t 3 1  e i i c r g y  c o n s u m p t i o n  i s  s t u d i e d  i n  t h i s  s u b - m o d e l ,  a n d  t h e  p r i c e s  
: ~ r c  n o t  d i r c c t l y  L . I ~ L * ~  irirc? d c c i l u n t .  A l l  c o e f f i c i e n t s  a r e  c a l c u l a t e d  t h r o u g h  r e g r e s s i o n  
t ~ , c . l ~ n i q l ~ ~ , s .  'I'wu . I p p r o . r c l ~ e s  a r c  i n v e s t i g a t e d :  o n e  s p e c i i i c  f o r  e a c h  r e g i o n ,  a n d  a n o t h e r  
w h i c h  t i ~ k ~ ~ s  t l t b  ht . i j ic  0 1  ~ , c o n n m i c  development a s  a  p d r a m e t e r ,  s o  t h a t  t h e  r e l a t i o n s h i p  
b ~ , L w ~ , c n  crlc%rgy ~ . o r ~ s \ l r n l , ~ i u n  ; ~ n d  C R Y  < , a n  h e  u s e d  f o r  a n y  r e g i o n .  
S t ~ l y  P l ~ ) d c l :  .11 s o  . i  s i ~ ~ ~ ~ r l . i t  i n n  niodel f u r  d e t a i l e d  p l a n n i n g  o f  a  r e g i o n a l  e n e r g y  s y s t e m  
- 
i r o m  pri111.1ry L , I I C . I - S Y  i l i p l ~ t s  t o  s ~ o n d a r y  d i s t r i b u t i o n  t o  t h e  f i n a l  u s e r .  T h e  s t r u c t u r e  
~ . ~ > n s i s t s  0 1  ;I nc , twork  L I I  c l c n ~ e n t ~ ~ r y  ; ~ l l o c ; ~ t i o n ,  a n d  c o n v e r s i o n  p r o c e s s e s .  1 3  p r i m a r y  and  
7  s c t . o n d a r y  e r ~ c , r g y  t o r m s  a r e  c o n s i d e r e d ;  27 c o n v e r s i o n  p r o c e s s e s  a r e  i n c o r p o r a t e d .  
K c , s o r ~ r - c ~ ~  El< ,d~ , l :  s t , l t i s ~ i < . s  c,n r.iw m a t c . r i a l s  c l i ~ s s i f i e d  by d e g r e e  of c e r t a i n t y  a n d  f e a s ~ i  
- - 
h i  1 l t y  01 cconc,l~iit. I - L . c . c ~ \ ~ < ~ I - v :  , \ trrrc.t i o n  r a t e s  a n d  r e c o v e r y  f a c t o r .  I 
U~,n~,ln<l ? I o d c l :  p a s t  L ~ I ~ I L .  s < , r i ~ , s  o f  t h e  vo lunles  of g l o b a l  e n e r g y  c o n s u m p t i o n  a n d  g r o s s  
---
r c , g i o i ~ n l  p r o d u c L s .  I 
S u p p l y  P ludc l :  
- i ) l l \ .s i , . .~l  I > . I ~ J I I I < , L ~ ~ ~ S  ~ t - c c s s , ~ r y  t o  describe t h e  F l o w s  o f  e n e r g y  i n  e a c h  
hrdnc.11 1 7 i  t l l ~ .  n~,twil l- i ,  ~ r < ~ p l - c , s c , ~ i t  I t l ~ e  t 7 n e r g y  systc.nl f run1 s u p p l i e r  t o  u s e r :  r . g .  n e t  
prlrn. iry I n p u L ,  c ~ ~ ~ ~ v ~ ~ r s i ~ ~ n  c - f i i i . i c n ~ , i ~ ~ s ,  d i s t r i b u r  i o n  t r c l c t  i o n s  by  f o r m  o f  e n e r g y  t o  t h e  
u s e r s ,  u s e r  s c c t ~ l r  ~ , i i i c i t , n ~ . i ~ , s .  
I I - i n v e s ~ ~ ! l c ' n t  dnd Ill.ln:igcnlc.ll~ c i , s t s  i n  r c l . i t  i,711 t o  t.dcli i n s t ~ l l l ~ i t i o n ,  and  a l l  p r i m a r y  e n e r g y  I p r l c e s .  
l o u t p u t  D a t a  
The  n~,)ilc I .11q<1 n ~ , ~ > d s  k i i o v l ~ ~ c l ~ ~ ~  ~1n.l t h ?  d ~ , s ~ r i p t i o n  of t i l e  s c e n a r i o s  t h a t  t h e  d e c i s i o n -  
m:ikcr w.lnts t o  s i n ~ u l . i t t , .  S c ~ n ~ c  prt)pLls.lls drL, n1-1dc3 i n  t h e  model  t o  h e l p  t h e  d e c i s i o n - m a k e r  
t o  d c s c r i b r  Ltrc d i i i e r t 2 1 ~ t  k i n d s  c)f  s c c 3 n . ~ r i o .  r i le  r u n n i n g  o f  a  s i m u l a t i o n  r e q u i r e s  a  c a r e -  
f u l  p r c l g m a t i c  p r e p ~ I r , l L i ~ ~ r l  <,I " s c c ~ ~ l . l r i o s "  p r c s c r i b i n g  e3cl1 o f  t h e  p a r a m e t e r s  o v e r  t h e  t i m e  
p e r i o d  i n  q u e s t i o n  ( 1 9 7 0  t,, l ( l 2 5 ) .  
S l ~ e  p r o g r a m  p r o v i d e s  17 p.~:;cs ai c ~ u t p u t .  The  m.li11 o u t p u t s  a r e :  n e t  
r ~ u m b e r  o f  p l a n t s  01 r d i i l  i n p u t  k i n d ,  s e c o ~ i d ~ r r y  r n e r f i y  by u s e r  s e c t o r ,  g l o b a l  a n n u a l  e x p e n -  
d i t u r e s  o f  t l i e  sys tc ,n l .  c . n p i r . ~ l  i n v c s t n ~ ~ j n t  p e r  yc3a1.. 
I 
b s e r v a t i o n s  
-- 
ThP mvdel i s  s t i l  1  d ~ , v e l o p i l l ; ;  o n l y  sonic> t e s t  I-una I I , L V L >  b ~ , e n  111,ide. S,, r c t i l  l i n k a g e  b e t w e e n  
t l i e  d i  f f ~ a r , . i ~ t  s u b - n ~ o ~ l ~ . l  s  w ~ ~ r k ~ .  
Commission d e s  Communaut6s Europ6enes  
The Model 
Sys tem 
D e s c r i b e d  
I T  i me 1 Area  
Techn iques  
O b s e r v a t i o n s  
R .  d e  Baw and F. Van Scheepen ,  1973(81) .  Commission d e s  
- .  
~omrnunaut6s  Europ6enes ,  B r u x e l l e s .  
I n t e g r a t e d  Energy Models f o r  t h e  CEE. 
-- - - - 
The model t r i o s  t o  answer t h e  f o l  lowing q u e s t i o n s :  
- What e f f e c t  would cln i n c r e a s e  i n  t h e  p r i m a r y  e n e r g y  p r i c e  have  
on t h e  economy and t h e  consumpt ion  of e n e r g y ?  
- Which s e c t o r s  would be most a f f e c t e d  by t h e  i n c r e a s e ?  
- What would be  t h e  e f f e c t  o f  a t empora ry  i n t e r r u p t i o n  i n  t h e  
e n e r g y  s u p p l y ?  
- What measures  would have  t o  b e  t a k e n  t o  l i m i t  d o m e s t i c  produc- 
t i o n ?  T h e  a u t h o r s  a r e  n o t  l o o k i n g  f o r  a  s o l u t i o n  g e a r e d  t o  
t h e s e  q u e s t i o n s ,  b u t  a n a l y z e  t h e  mechanisms and b e h a v i o r  of 
t h e  s y s t e m  and i t s  b o t t l e - n e c k s .  
-- 
The model c o n s i s t s  of 2 modules ( l i n k e d  by an  exchange  of i n f o r -  
m a t i o n ) :  ene rgy  s e c t o r  and mass o f  economy. The f i r s t  module 
t r e a t s  the. s u p p l y  and t r a n s f o r m a t i o n  of p r i m a r y  e n e r g y ;  t h e  
second c o n s i s t s  e s s e n t i a l l y  o f  an 110 m a t r i x  which  i n  i t s  d i s -  
a g g r e g a t e d  form h a s  9 0  b r a n c h e s .  
S h o r t  t e r m ;  c o u l d  b e  u s e d ,  a t  a  l a t e r  d a t e ,  f o r  l o n g  t e rm.  
E.E.C. (9 n a t i o n s ) .  
The s u p p l y  model i s  a  s i m u l a t i o n  model which p e r m i t s  e v a l u a t i o n  
of d i f f e r e n t  s o l u t i o n s .  3 forms of p r i m a r y  e n e r g y  a r e  c o n s i d e r -  
e d :  c o a l ,  o i l ,  and g a s .  H y d r a u l i c  e n e r g y  and n u c l e a r  e n e r g y  
a r e  assumed t o  be  exogenous i n  t h e  s h o r t  te rm.  The c o n s t r a i n t s  
a r e  t h e  f u l l u w i n g :  a v a i l a b l e  p r o d u c t i o n ;  means of  t r a n s p o r t a -  
t i o n  ( e s p e c i a l l y  t r a n s p o r t a t i o n  w i t h i n  E .E .C . ) ;  i n s t a l l a t i o n  of 
t r a n s f o r m a t i o n  ( r e f i n e r y ) ;  p r o d u c t i o n  o f  e l e c t r i c i t y .  
I n  t h e  economy model ,  t h e  r e l a t i o n s  be tween 110 m a t r i x  and t h e  
e n e r g y  s e c t o r  a r e  made v i a  two sub-models: 
- sub-model of  e x t e r n a l  t r a d e ,  i n d i c a t i n g  m o d i f i c a t i o n s  of t h e  
E.E.C. p o s i t i o n  i n  t h e  wor ld  env i ronmen t  
- sub-model of  househo ld  consumpt ion ,  g i v i n g  t h e  q u a n t i t y  of  t h e  
consumed p r o d u c t s  a s  a  f u n c t i o n  of income and p r i c e s .  
- Q u a n t i t y  of t h e  maximum a v a i l a b l e  e n e r g y ,  i n s t e a d  -of  produc-  
t i o n .  
- C a p a c i t y  of  a  s h i p  of a  g i v e n  c l a s s .  
- Number of  s h i p s  i n  e a c h  c l a s s .  
- C a p a c i t y  of  d i f f e r e n t  k i n d s  of  t r a n s p o r t a t i o n .  
- T r a n s f o r m a t i o n  of p r imary  e n e r g y  o u t p u t  i n t o  s e c o n d a r y  e n e r g y .  
- F . O . B .  p r i c e  of e n e r g y  and t h e  c o s t  of t r a n s p o r t a t i o n .  
- Added v a l u e  of e a c h  s e c t o r .  
- lncume and p r i c e  of p r o d u c t s .  
- P r o d u c t i o n  and i t s  i m p o r t a t i o n  of  p r i m a r y  e n e r g y .  
- Transformed q u a n t i t i e s .  
- E x p o r t a t i o n  of d i f f e r e n t  forms of e n e r g y .  
- R e s e r v e s  of money. 
- Q u a n t i t y  o f  household  p r o d u c t s  consumed. 
The two models  a r e  n o t  y e t  comple t ed .  I t  i s  e x p e c t e d  t h a t  t h e  
s u p p l y  model w i l l  f u n c t i o n  f i r s t ,  i n d e p e n d e n t l y  o f  t h e  economy 
model .  Some improvements a r e  p l a n n e d .  
- - - -
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